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1.0  OBJECTIVES 


The  performance  of  the  Planar  Motion  Material  Testing  Apparatus 
(PMMTA)  will  be  studied  in  several  steps.  This  report  encompasses  the 
first  phase  of  these  studies,  an  analysis  of  the  actuator  kinematics  and 
the  load  generation  capabilities. 

The  kinematic  behavior  of  the  PMMTA  actuators  was  analyzed  using 
a  computational  algorithm  written  for  a  M INC-11-03  computer  and  a  TK4010 
plotting  terminal.  This  analysis  addressed  two  specfic  goals. 

a)  Determine  the  range  of  motion  of  the  test  stage  considering 
various  angular  orientations  of  the  test  stage  for  the  most  acceptable 
design. 


b)  Calculate  the  maximum  loads  in  the  vertical,  horizontal,  and 
rotational  directions  for  each  position  of  the  test  stage. 


Best  Available  Copy 


2.0  BACKGROUND 


The  minimum  performance  characteristics  of  the  PMMTA  are  based  on 
requirements  for:  the  maximum  load,  the  maximum  rate  of  loading  and  the 
maximum  sensitivity  of  the  total  system.  This  first  study  concentrates 
only  on  the  load  and  kinematic  envelopes.  The  computer  and  its  peripheral 
data  interface  hardware  should  be  the  most  critical  components  with  respect 
to  rate  and  sensitivity.  These  rate  and  sensitivity  characteristics  will 
be  studied  in  conjunction  with  the  development  of  the  computing  software 
in  the  next  phase  of  the  grant  work. 


The  criteria  for  the  approximate  load  requirements  for  the  PMMTA 
may  be  obtained  from  the  literature,  Messerer  (1880),  Perry  (1957),  and 
Bell  (1967).  The  results  of  their  work  are  summarized  in  the  book. 
Clinical  Biomechanics  of  the  Spine,  by  White  and  Panjabi  (1978).  A  choice 
of  requirements  using  this  information  should  meet  all  of  the  test  con¬ 
ditions  of  the  current  grant.  In  addition,  testing  of  other  portions  of 
the  human  spine  using  higher  loads  than  is  needed  for  the  cervical  spine 
tests  will  be  possible. 


The  compressive  strength  of  the  human  vertebrae  was  investigated 
by  these  researchers.  Summarizing  the  results  for  static  or  quasistatic 
loading,  the  maximum  compressive  strength  of  the  vertebrae  are: 


a)  Cervical  (level  C7)  <  2000  N  (450  lbf) 

b)  Thoracic  (level  Til)  <  4000  N  (900  lbf) 

c)  Lumbar  (level  L4)  <  8250  N  (1860  lbf) 


Under  high  speed  dynamic  tests  the  load  needed  to  produce  end  plate  or 
compressive  failure  is  higher.  Loads  up  to  13500  N  (3030  lbf)  have  been 
recorded.  Perry  (1957). 


An  estimate  of  the  magnitude  of  the  shear  type  loads  at  failure 
may  be  obtained  from  the  work  of  Weiss  (1975).  Loads  of  approximately 
1000  N  (224  lbf)  applied  directly  through  the  facet  articulations  caused 
failure  of  the  neutral  arch  (at  the  pedicles).  The  total  shear  required 
to  induce  failure  of  an  intact  FSU  will  of  course  be  higher  due  to  the 
additional  load  carried  by  the  anterior  elements  of  the  FSU. 


The  amount  of  flexion-extension  moment  that  the  spine  can  support 
with  deficit  has  not  been  studied  as  extensively  *"  shear  or  axial  loading. 
However,  it  is  suggested  that  moments  as  small  au  buN  { ?1  in-lbf )  can 
cause  failure  of  spinal  components,  White  and  Panjabi  (1978). 


2.2  Test  Hardware 

The  M00G  AO-85  servo  actuator  has  been  chosen  for  this  project 
based  on  its  performance  features  and  reasonable  availability.  This 
actuator  may  be  pivotted  from  either  an  upper  or  a  lower  pivot  position 


relative  to  the  actuator  body.  Both  mounting  positions  were  considered 
in  the  initial  part  of  this  study.  The  piston  area  of  the  actuator  is 
1.1  in  sq.  which  indicates  a  maximum  force  output  of  3300  lbs  at  3000 
psi  supply  pressure.  The  piston  stroke  is  6  in..  The  critical  dimensions 
of  this  actuator  and  the  pivot  positions  are  shown  in  Figure  2.1.  The 
geometry  of  the  actuator  was  input  point  by  point  to  the  computer  for  the 
geometry  calculations  and  plotting. 


-3- 


f 

i 


l 

l 


\ 

r. 

i 

E 

s r 


: 

! 

; 


r 

f 

\ 

\ 


Installation  Details 

[■  Individual  installation  drawings  give  details  for  each 

[  basic  servoactuator  size.  Three  standard  sizes  are 

|  available  corresponding  to  piston  areas  of  1 . 1  in* , 

|  3.4  in2  and  6.8  in2 .  Standard  stroke  lengths  for  each 

I  size  actuator  are  1 , 2, 4  and  6  inches.  Actuators  with 

total  stroke  up  to  12  inches  are  available  on  special 
order. 

Mounting 

The  servoactuator  can  be  mounted  in  several  ways. 
The  lower  face  of  the  actuator  body  contains  tapped 
holes  for  solid  mounting.  An  alternate  flange  mount¬ 
ing  is  available  for  either  the  front  or  rear  of  the 
actuator.  Actuators  can  also  be  supplied  with  a  flange 
containing  two  horizontal  pivot  shafts  for  trunnion 
mounting.  Heavy  duty  trunnions  are  available  on 
special  order. 

Rod  Attachment 

Actuators  are  normally  supplied  with  a  female 
threaded  rod  (1.0  x  14  UNS-3B).  An  optional  adapter 
is  available  to  convert  to  a  female  0.50  x  20  UNF-3B 
thread. 


Side  Loading 

Moog  Servoactuators  have  been  designed  to  withstand 
heavy  side  loads  and  still  give  long,  trouble  free  life. 
Nevertheless,  actuator  life  will  be  improved  by  mini¬ 
mizing  side  loads.  This  can  usually  be  done  by  careful 
alignment  of  the  actuator  mounting  with  the  driven 
load. 

Fluid  Supply  Filtration 

Good  filtration  will  extend  the  life  and  improve  the 
performance  of  A085  Servoactuators.  The  best  arrange¬ 
ment  is  a  full  flow,  non-bypass,  pressure  line  filter 
immediately  upstream  of  the  servoactuator,  and  a  low 
micron,  full  flow  filter  in  the  system  return  line. 

The  servoactuator  can  be  provided  with  a  Moog  high 
pressure  supply  line  filter  connected  with  an  adapter 
fitting  directly  to  the  pressure  port.  The  filter  is  a 
25  micrometre  absolute,  non-bypass,  with  replaceable 
element  contained  in  a  high  pressure  aluminum  bowl. 
Both  10  gpm  and  20  gpm  filters  are  available. 

Filter  elements  will  withstand  full  3000  psi  differen¬ 
tial  pressure  without  collapse.  An  electrical  dirt  alarm 
can  be  supplied  on  special  order. 


3.0  ANALYSIS  METHODOLOGY 


The  kinematics  of  the  three  actuator  system  were  analyzed  using 
a  MINC  11-03  computer.  Four  components  of  the  PMMTA  were  considered  in 
the  study:  the  three  actuators  and  the  test  stage  which  supports  the 
inferior  side  of  the  test  specimen.  These  components  are  indicated  in 
Figure  3.1.  The  positions  of  the  three  actuators  and  the  test  stage,  as 
they  will  be  mounted  in  the  loadframe,  are  defined  by  four  geometric 
design  parameters  and  the  three  piston  lengths.  The  actuators  are 
designated  1,  2,  3  from  left  to  right.  The  four  design  parameters  are: 

1)  S  —  The  length  of  the  test  stage.  The  height  of  the  test 
stage  above  the  point  of  connection  to  the  extension  from  the  actuators 
is  1.75  inches. 

2)  EXT  —  The  length  of  the  extensions  between  the  end  of  the 
actuators  and  the  test  stage. 

3)  X2  —  The  horizontal  position  of  the  pivot  point  for  actuator 

2  relative  to  the  actuator  1.  (Actuator  1  is  always  drawn  in  position 
(0.,  0.)  and  a  reference  set  of  axes  are  drawn  through  the  pivot  point). 

4)  X3  —  The  horizontal  position  of  the  pivot  point  for  actuator 

3  relative  to  the  actuator  1. 

All  three  actuators  pivot  at  the  same  vertical  level,  y=0.  As  indicated 
above,  the  effect  of  using  the  upper  or  the  lower  pivot  position  for  each 
actuator  was  also  investigated.  With  the  actuators  mounted  from  the  upper 
pivot  point,  the  actuators  may  be  equally  spaced  along  the  X  axis.  To 
simplify  calculations,  the  length  of  the  test  stage  is  the  same  as  the 
distance  between  the  second  and  third  actuators.  This  means  that  the 
test  stage  should  be  exactly  horizontal  when  the  length  of  the  second 
and  third  actuators  are  equal. 

A  piece  of  hardware  is  needed  to  join  the  actuator  piston  to  the 
bearings  of  the  test  stage.  This  piece  will  extend  the  length  of  the  piston 
and  tnist  be  included  in  the  analysis.  The  length  of  this  extension  between 
the  test  stage  and  an  actuator  is  somewhat  arbitrary.  However,  the  extension 
should  be  long  enough  to  permit  each  actuator  the  full  6  inches  travel,  if 
other  factors  permit  this.  An  extension  approximately  $-6  inches  in  length 
appears  to  provide  reasonable  clearance  for  most  configurations.  The  exten¬ 
sion  requires  approximately  1  inch  of  length  to  join  the  extension  piece  to 
the  actuator  piston.  Excessively  long  extensions  would  imply  unnecessary 
weight  supported  above  the  actuators,  which  should  be  avoided  for  dynamic 
coos  ide  rat  ions . 

The  kinematics  program  used  to  analyze  these  components  permits 
definition  of  the  desired  motion  in  either  of  two  ways.  The  input  specifies 
either:  a)  the  three  piston  lengths  or  b)  the  global  coordinates  and  angle 
of ;  a  reference  point  on  the  test  stage.  With  either  of  these  sets  of  input 
data  the  program  calculates  the  necessary  kinematics  and  loads.  Listings 


of  the  main  program  along  with  the  separate  subroutines  can  be  found  in 
Appendix  A. 

For  each  set  of  calculations,  four  pieces  of  computer  output  may 
be  produced,  the  plot  of  the  actuator  positions  and  three  pages  of  printed 
data,  A  case  number  is  included  at  the  beginning  of  each  line  of  results 
so  that  parameters  corresponding  to  a  specific  calculation  may  be  cross 
referenced  on  each  page.  A  letter  "P"  adjacent  to  a  case  number  indicates 
that  the  results  of  that  case  were  included  in  the  plot  of  the  actuator 
position.  Otherwise  only  the  calculations  were  made  and  not  included  in 
a  plot.  All  cases  between  a  set  of  horizontal  dasb.ad  lines  consititute 
a  motion  sequence  and  were  considered  for  one  plot.  Page  one  of  the 
printed  output  presents  the  geometric  information,  piston  lingths  and  test 
stage  position.  Page  two  presents  the  load  calculations  referenced  to  a 
point  at  the  top  center  of  the  test  stage,  indicated  by  a  "A”  on  the 
plots.  Calculations  referred  to  a  set  of  axes  drawn  at  this  point,  with 
the  y  axis  perpendicular  to  the  test  stage  and  the  x  axis  parallel  to 
the  test  stage,  are  considered  to  be  in  the  test  stage  or  '’local  coor¬ 
dinates". 


Page  three  presents  the  load  calculations  referenced  to  the  pivot 
point  of  the  first  actuator,  which  is  the  origin  of  the  axis  system  for  the 
whole  apparatus,  or  the  "Global  Coordinates". 

For  each  case  three  load  conditions  were  calculated.  The  positive 
or  negative  force  limits  of  the  actuator  (3300  lbf)  were  used  in  three 
different  configurations  at  each  position  to  maximize  the  vertical, 
horizontal  and  moment  directions.  These  various  load  conditions  are  in¬ 
dicated  next  to  each  case  number  either  a  V,  H  or  M  representing  the 
maximum  vertical,  horizontal  or  moment  case  respectively. 

The  combination  of  piston  force  chosen  here  maximizes  the  three 
different  load  components  for  those  positions  of  the  apparatus  in  which 
the  angle  of  the  first  actuator  is  <_  90°  and  the  angle  of  the  third 
actuator  is  _>  90°  (the  angle  is  measured  counter  clockwise  positive  from 
the  X  axis).  For  some  of  the  extreme  motions  of  the  test  stage,  the 
relative  positions  of  the  actuators  have  changed  enough  to  alter  the 
effects  of  the  generalized  load  cases.  Xu  these  extreme  cases,  the  same 
combination  of  piston  forces  may  not  actually  maximize  the  intended  load 
parameter. 
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4.0  RESULTS 


The  results  of  the  kinematic  study  were  used  to  set  the  actuator 
design  configurations  as  well  as  define  the  motion  of  the  apparatus.  The 
results  of  the  study  are  in  three  areas: 

a)  Actuator  configuration  in  the  load  frame 

b)  Envelope  of  motion  for  the  apparatus 

c)  Loading  capability 

4.1  Actuator  Configuration 

The  kinematics  of  two  different  pivot  positions  for  the  actuators 
was  investigated.  Figures  4.1  to  4.5  showrepresentative  results  for  the 
actuator  motions  using  the  upper  pivot  point.  These  figures  show  displace¬ 
ment  of  the  test  stage  with  various  length  stages  and  a  5  inch  extension 
on  the  actuators.  For  the  upper  pivot  location,  the  test  stage  was  required 
to  be  at  least  5.0  in.  to  avoid  interference.  The  figures  show  that  the 
upper  pivot  position  results  in  large  motions  of  the  body  of  the  actuator. 
Figure  4.6  shews  the  motion  of  the  system  with  the  actuators  mounted  at 
the  lower  pivot  point.  Figures  4.3  and  4.6  show  a  comparison  of  the 
motion  of  the  system  with  an  upper  versus  the  lower  pivot  point  and  a 
six  inch  test  stage.  The  lower  pivot  point  significantly  reduces  the 
motion  of  the  actuators.  Minimizing  the  motion  of  the  actuators  will 
minimize  the  inertial  dynamics  of  the  system  thus  optimizing  the  potential 
response  characteristics. 

4.2  Matrix  Envelope 

The  test  stage  of  the  apparatus  operates  in  a  planar  area,  trans- 
latory  vertically  and  horizontally  with  a  positive  (counter  clockwise)  or 
negative  (clockwise)  angle  for  the  test  stage  surface.  THe  three  factors 
that  limit  the  motion  envelope  of  the  PKMTA  are:  1)  the  piston  lengths, 

(not  to  exceed  six  inches),  2)  interference  of  the  actuators  with  each  other 
and  3)  the  third  actuator  should  not  go  into  a  "snap-through"  condition, 
a  condition  which  exists  when  the  test  stage  and  the  third  actuator  are 
aligned. 
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Actuator  Kinematics  -  Upper  pivot.  Test  Stage  Angle  =0°,  Vertical  Motion,  Test 


M  Ansie  =  0^ ,  Vertical  Motion,  Test 

Actuator  Kinematics  -  Upper  Pivot,  Test  btage  Angie  , 

Stage  Length  =  5  in. 


Actuator  Kinematics 


rig.  4.6  Actuator  Kinematics  -  Upper  Pivot,  Test  Stage  Angle  =  0°,  Vertical  Motion,  Test 
Stage  Length  =  7  in.  * 


Fig.  4.5  Actuator^Kinematics^  Upper  Pivot,  Test  Stage  Angle  =  0°,  Vertical  Motion,  Test 


Considering  these  factors,  the  envelopes  of  motion  for  the 
test  stage  were  determined.  The  maximum  and  minimum  vertical  and. 
horizontal  positions  of  the  system  with  the  test  stage  at  0°  angle  were 
determined.  The  point  (9,  17.6)  is  the  center  or  mean  between  these 
four  extreme  points.  The  range  of  motion  from  this  point  in  the  direction 
of  the  extremes  was  determined  for  various  angles  of  the  test  stage. 

The  test  stage  angles  varied  from  -50°  to  +50°.  Figures  4.6  to  4.11 
show  the  vertical  and  horizontal  extreme  positions  for  the  test  stage 
at  0°  and  30°.  The  calculations  for  the  kinematic  positions  and  maximum 
forces  on  the  test  stage  for  each  position  are  presented  in  Tables  4. 1-4. 6. 
Appendix  B  contains  the  figures  for  the  remaining  angles  up  to  plus  and 
minus  50°. 

4.3  Load  Sensitivity 

At  each  maximum  and  minimum  position,  for  a  particular  angle,  the 
minimum  forces  on  the  test  stage  and  specimen  were  determined. 

Tables  I  and  II  indicate  the  maximum  forces  and  moments  along  the 
horizontal  and  vertical  axis  at  various  angles  that  the  PMMTA  can  generate. 
Shown  below  is  a  comparison  of  the  test  requirements  from  Section  2.1  and  the 
PMMTA  capacity. 


Test 

PMMTA 

Requirement 

Capacity 

Horizontal 

2500  lbf 

2200-8200  lbf 

Vertical 

3030  lbf 

4200-9500  lbf 

Moment 

71  in -lbf 

11-26,000  in-lbf 

The  requirements  for  the  test  specimens  are  well  within  the  capacity  of  the 
PMMTA. 
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Fig.  4.6  Actuator  Kinematics  -  Lower  Pivot,  Test  Stage  Angle  =  0°,  Vertical  Motion  Along 
the  Center  of  the  Motion  Envelope 


fXeue  4,f-o- 

KINEKA'ICE  5r  THE  THREE  ACTUATOR  SYSTEM  CATE  I  30-Jlil-Sl  C?*®  Fw5'1<4‘^ 

ACTUATOR:  KS33  -  A083  -  S  IN  STROKE 


ACTUATOR  PIMOT  POSITION; 

TEST  STA3E 

ACTUATOR  #i  (  O.OO,  O.OO) 

length:  s.ooo 

ACTUATED  92  (12.00,  0.00) 

HEISH'I  1.750 

ACTUATOR  #3  (18.00,  0.00! 

ACTUATOR  EXTENSION:  3.000 

PL!  ! 

PL2  ! 

PL3  i 

REF  PNT  ! 

THETA  i 

STG  PCS 

CASE  ! 

(IN)  ; 

(IN)  ! 

(IN)  f 

X  1 

i  Y  ! 

(RAC)  ; 

X 

Y 

B  1  1 

8.0000  ' 

E.OOOO  i 

B.oooo  : 

S.0000  i 

1  19.2235  f 

0.0000  ! 

S.0000  1 

1  20.S755 

3  2  1 

0.0000  ; 

0.0000  1 

0.0000  ! 

3.0000  ! 

i  12.SC3S  ! 

-0.0000  i 

'.0000  ! 

14.553C 

FORCES  OX  TEST  STAGE  (LOCAL  COORD (KATES! 

acwor:  hccg  -  agbs  -  s  »  stroke 


DATE  I  20-JiL-Bl 


ACTUATOR  PIVOT  PCSITICtC 
ACTUATOR  li  (  O.OO-  C.OO! 
ACTUATOR  #2  (12.00-  C.OO! 
ACTUATOR  #3  (13.00.  C.OO! 


TEST  STAGE 

length:  s.ooo 

HEIGHT!  1.750 
ACTUATOR  EXTEXS::>::  5.001 


\ 

FX1  : 

FYl  ! 

FX2  ! 

!  FY2  ! 

FSX  ! 

FRY  I 

*C!!E*7  i 

CASE/DIR  ! 

(LBS)  ! 

(LIS!  ! 

(LBS!  ! 

:  (LBS)  ! 

(LBS!  ! 

(LBS)  ! 

(IN-LBS!  : 

1  V  ! 

0.0  ! 

6300.3  i 

-903.1  : 

:  3150.2  ! 

803.1  ! 

-S45C.3  ! 

11170.2  ! 

H  ! 

isss.z  : 

-0.0  f 

SS3.1  ! 

!  -3150.2  ! 

-2242. 4  1 

3150.2  . 

428S.1  ! 

H  1 

0.0  i 

8300.3  ! 

S33.1  ! 

!  -3150.2  ! 

-S23.1  1 

-3150.2  : 

2S530.S  : 

2  V  i 

-o.c : 

5E7S.4  ! 

-1400.3 

!  2282.2  ! 

1400.3  ! 

-B254.5  ! 

11415.0  I 

h  : 

2S0C.S  l 

0.0  i  1400.3 

:  -2953.2  ! 

-4200. s  : 

2SSS.2  i 

1312.0  ! 

¥  ; 

-c.o : 

5S7S.4  ! 

1400.3 

'  -2SSS.2  : 

-1400.3  ! 

!  -2E2S.2  ! 

24443.1  ! 

c 


) 


"TSsgur  4.\-c 


FORCES  CN  TEST  STAGE  (GLOBAL  COORDINATES} 
.ACTUATOR!  «CCu  -  A0B5  -  S  IN  STROKE 


DATE  I  SO-.’lL-SI 


ACTuATCR  PIVOT  POSITION: 


TEST  STAGE 


ACTUATOR  11 

(  o.oc, 

0.005 

LEN2T 

h:  s.ooo 

ACTUATOR  »Z  U2.0C, 

0.001 

HEIGHT!  1.75C 

ACTUATOR  #2 

(18.00/ 

0.00) 

ACTUATOR  EX'ENSICNI 

5.000 

!  FX1  : 

FY1 

FX2  : 

m 

!  FSX 

FRY  ! 

RGFJLNT  ! 

CASE/DIR 

:  (LBS:  ; 

(LBS) 

(LBS!  i 

(L3S! 

1  (LBS) 

(LBS)  ! 

(IN-LBS)  ; 

1  V 

!  0.0  1 

6300.3 

-S83.1  i 

3150.2 

!  983.1 

-9450.5  I 

11170.9  1 

H 

:  1963.2  i 

0.0 

S83.1  1 

-3150.2 

!  -2S4S.4 

3150.2  . 

*2B9.1  : 

u 

t  A  A  • 

*  V  •  V  ' 

5300.3 

S83.1  : 

-3150.2 

:  -983.1 

-3150.2  ! 

23630.2  ! 

2  V 

:  -O.C  ! 

5S7B.4 

-1400.3  : 

2988.2 

i  1400.3 

-9984.5  1 

11415. C 

K 

!  2800. 8  : 

0.0 

1400.3  : 

-2SS3.2 

!  -420.3 

2988. 2  : 

1813.0  . 

R 

!  -O.C  ! 

5975.4 

1400.3  1 

-2S8S.2 

!  -1400.3 

-2S88.2  ! 

24443.1  : 
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Actuator  Kinematics  -  Lower  Pivot,  Test  Stage  Angle  =  0°,  Horizontal  Motion 
Alone  the  Center  of  the  Motion  Envelope 


S'-WA^UiyiLJJPl.WIUWLL,,!  I 

(b.  (^t.r  % 


I 

_  *  KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 

C  actuator:  hogg  -  aoss  -  s  n  strok 


qggSgljSUgSP  :- ' 


DATE  .'  05-AUG-fll 


TfcetE  4.1-a, 
(5>er=  «c,.4» 


1 

1 


c 

l 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  »1  (  0.00.  0.00) 
ACTUATOR  12  <12.00.  0.00) 
ACTUATOR  13  <16.00.  0.00) 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  5.000 


# 


_  I  111  I  PL2  I  PL3  I  REF  PNT 

©  CASE  i  (iMi  i  iiN)  i  (IN)  j  X  i 


I  THETA  I  STB  POS  I 
!  (RAO)  I  X  I  Y  I 


€ 


P  1  I  1.7148  1  5.8700  I  5.S780  (  2.6100  I  15.8500  I  -0.0000  I  2.6100  t  17.6000  I 
P  2  I  5.9903  1  1.7153  I  1.7153  I  15.4100  I  15.8500  I  0.0000  f  15.4100  I  17.8000  I 


* 


e 


© 


© 


o 


o 


V 


) 


© 


© 


© 


© 


o 


o 


o 


€ 


m 


t 


( 

C 
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FORCES  ON  TEST  STAGE  (LOCAL  COORDINATES) 
ACTUATOR:  H006  -  A085  -  6  IN  STROKE 


DATE  :  05-AUG-81 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  #1  (  O.OO,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (18.00,  0.00) 


TEST  STAGE 

length:  r.000 

HEIGHT:  1.750 

actuator  extension:  5.000 


I  FXi  !  FY1  I  FXZ  I 

CASE/IIR  (  (LIS)  I  (LIS)  I  (US)  I 


FY2  !  FRX  I  FRY  I  MOMENT  I 
(US)  I  (US)  I  (LBS)  I  (IN-US)  I 


1  V  I  -2113.5  I 

H  I  1351.2  I 

H  I  -2113.5  I 

2  V  I  2119.7  I 

H  I  1949.1  I 

N  I  2119.7  t 


5898.9  I  -2032.4  I 
699.1  I  2032.4  I 

5898.9  (  2032.4  I 
5897.2  I  85.3  I 
-700.6  I  -65.3  I 
5897.2  I  -85.3  ! 


2599.9  I  4145.9  I 
-2599.9  I  -3983.5  I 
-2599.9  I  81.2  I 

3298.9  !  -2205.1  I 
-3298.9  I  -1863.7  I 
-3298.9  I  -2034.4  I 


-6498.1  I  17152.3  I 
1900.1  i  2925.8  I 
-3299.0  I  25638.5  I 
-9196.1  I  3936.1  I 
3999.5  I  4533.4  I 
-2591.3  I  24028.1  I 


3 

© 

J 


O 

O 


o 


) 

G)  . 


Q 

6 

O 

o 


) 

) 


) 
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FORCES  ON  TEST  STAGE  (GLIM.  C00R9INATE3I  BATE  :  05-AU6-91 

actuator:  noob  -  robs  -  i  in  stkxe 

ACTUATOR  PIVOT  POSITION:  TEST  STAGE 

ACTUATOR  II  (  O.OO,  0.00)  LENGTH:  1.000 

ACTUATOR  12  (12.00,  0.00)  HEIGHT:  1.790 

ACTUATOR  13  <10.00,  0.00)  ACTUATOR  EXTENSION:  3.000 


I  FX1  I  FY1  I  FX2  I  FY2  I  FRX  I  FRY  I  HTfNT  1 

CASE/I  It  I  (LIS)  I  (US)  I  (US)  I  (LIS)  I  (US)  I  (US)  I  (1IHJS)  I 

1  V  I  -2113.9  I  9*9.9  I  -2032.4  I  2399.9  I  4149.9  I  -0491.8  I  17192.3  I 

H  I  1991.2  I  199.1  I  20132.4  I  -2999.9  I  -3983.3  I  1900.9  I  2929.1  I 

N  I  -2113.3  I  9G98.9  I  2032.4  I  -2999.9  I  91.2  ,  -3299.0  I  23836.9  I 

2  V  I  2119.7  I  9197.2  I  19.3  I  3291.9  I  -2209.1  1  -9196.1  f  3936.1  I 

H  I  1949.1  I  -700.1  I  -93. 3  I  -3299.9  I  -1*3.7  I  3999.9  I  4933.4  I 

N  I  2119.7  I  9997.2  I  -*.3  I  -3291.9  1  -2034.4  I  -2399.3  I  24029.1  1 


Actuator  Kinematics  -  Lower  Pivot,  Test  Stage  Angle  =  30  ,  Vertical  Motion 
Along  the  Center  of  the  Motion  Envelope 


KINEMATICS  OF  THE  TWEE  ACTUATOR  SYSTEM 
ACTUATOR:  H006  -  MBS  -  8  IN  STRIKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  11  (  0.00.  0.00) 
ACTUATOR  02  02.00,  0.00) 
ACTUATfll  03  01.00,  0.00) 


MTE  I  03-ASH1  TMn.e4-.3-a. 

(■see  l.b) 


TEST  STAGE 

length:  s.000 

HEIGHT:  1.780 
ACTUATOR  EXTENSION:  8.000 


I  PL1  I  PL2  I  PL3  I  KF  NT  I  THETA  I  STB  POS  I 
COSE  I  ON)  f  ON)  I  ON)  I  X  I  Y  I  (MO)  I  X  I  Y  I 


P  1  I  3.8884  I  2.1198  I  8.9200  I  9.8780  I  17.7848  I  0.8238  I  9.0000  I  19.3000  I 

P  2  I  1.1827  i  0.1477  I  3.2463  I  9.8790  I  14.9848  I  0.3236  I  8.0000  I  16.8000  I 


t 


€ 

( 


FORCES  OK  TEST  STAGE  (LOCAL  COORDINATES) 
ACTUATOR:  H006  -  AO£  -  6  in  strike 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  O.OO*  0.10) 
ACTUATOR  #2  (12.00.  0.00) 
ACTUATOR  13  (11.00.  0.00) 


MTE  :  03-AU6-01 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  3.000 


T>T&-e  43'  b 


© 


I  FX1  I  FY1  I  FX2  I  FT2  I  FRX  I 

CASE/SIR  I  (US)  I  (US)  (  (US)  I  (LBS)  I  (LBS)  t 


*!Tif  I  HOHENT  I 
(US)  I  (IN-iBS)  I 


1  V  t 


V 
H 
N 

V 
H 
H 


3061.0  I 

1883.8  I 
3461.0  I 

3421.8  f 


5140.4  f 
-1268.3  I 

9140.4  t 
4974.1  I 


2196.6  I  -1311.2  I 
3421.8  i  4974.1  I 


798.1  I  3201.9  i  -4239.8  I  -9342.3  I  -1939.9  I 
-798.8  I  -3201.9  i  -1099.0  I  4470.2  I  3901.8  I 
-796.8  i  -3201.9  t  -2962.2  I  -1938.6  I  20368.0  I 
699.9  I  3234.2  I  -4077.7  I  -9208.2  1  -1916.2  I 
•655.9  I  -3234.2  f  -1940.9  i  4745.4  i  2472.3  I 
-999.9  I  -3234.2  3  -2769.9  3  -1739.9  I  19794.4  I 


c 


c 


© 

© 

© 


E  ! 


c 

€ 


:> 


) 

o 

o 

o 

o 

m 

) 

o 

o 

o 

o 


© 


J 

J 
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POKES  ON  TEST  STAGE  (8LG0M.  COORItNATES) 
ACTUATOR:  MOO  -  MBS  -  I  IN  STOKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  fi  (  0.00,  O.OC) 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  13  (18.00,  0.00) 


SATE  :  03-AUHi 


TEST  STAGE 

LENGTH:  6.900 
KI6KT:  1.750 
ACTUATOR  EXTENSION:  3.000 


FRX  I  FRY  I  NOHENT  I 
(LBS)  I  (LIS)  I  (IN-LBS)  I 

482.1  i  -8354.3  I  -1830.9  I 


475.3  I  SOll.S  (  -104S.0  !  3121.8  !  S72.7  I  -9147.4  I  -1916.2  I 

S38.1  (  -210.4  (  1048.0  (  -3128.8  t  -3707.1  (  3338.2  (  2472.3  I 

478.3  I  1018.6  (  104S.0  i  -3128.8  t  -1525.4  1  -2B89.B  i  19784.4  I 


1 

FX1  ( 

FYi  1 

PX2  1 

FY2  1 

CASE/DIR 

1 

(LBS)  1 

(LBS)  ( 

(LIS)  1 

(US)  ) 

1  V 

1 

427.1  1 

6182.3  1 

-906.2  t 

3172.3  1 

H 

H 

( 

( 

m\ 

am 

m\ 

m  i 

2  V 

1 

475.3  1 

6011.6  1 

-1049.0  ! 

3121.8  1 

Actuator  Kinematics  -  Lower  Pivot,  Test  Stage  Angle  =  30°,  Horizontal  Motion  Along 
the  Center  of  the  Motion  Envelope 
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Q  UJOJITi 
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KINEMATICS  CF  THE  THREE  ACTUATOR  SYSTEM 
ACTUATE:  HCCG  -  ACB5  -  6  IN  STROKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  #1  (  O.OO.  0.00) 
ACTUATOR  #2  (12.00,  0.00! 
ACTUATOR  #3  (18.00,  0.00) 


DATE  .'  30-J'JL-Bl 


"TEST  STAGE 

length:  5.000 
HEIGHT:  1.750 
ACTUATOR  EXTENSION.*  5.000 


TMJuer  4.4 -cw 
(J5>CK  *\e*.irP>) 


I©' 


i  p;_<  <  p^2  i  PL3  !  REF  PNT  !  THETA  !  STG  PCS 

CASE  :  (IN)  !  (IN!  ,  (IN!  !  X  Y  :  (RAC!  i  X  )  Y 


P  1  !  0.7553  !  2.S837  I  5.S7S7  !  5.S25C  !  16.0845  I  0.523S 

P  2  !  2. 1521  )  1.1802  I  4.2S2S  !  S.6750  I  1S.0S45  I  0.523S 

P  3  t  4.2E57  :  0.4624  !  3.510S  !  13.8750  !  1S.0E45 


4.7500  I  17.6000  : 

9.0000  i  17.E00C  : 

0.5236  i  13.0000  !  17.6000  ; 


fl 

0 

O 

o 

9 


) 

O 

o 

o 

Q 

0 

0 

•!> 


-29- 


J 

> 


FORCES  OK  TEST  STAGE  (LOCAL  COORDINATES! 

actuator:  nqqg  -  aoss  -  s  in  stroke 

ACTUATGS  PIVOT  POSITION: 

ACTUATOR  #1  (  O.OCr  O.OO) 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  #3  (18.00,  0.00) 


FX!  FY1  !  FX2  i  FY2 


s:/s:r 

(LBS! 

(LBS)  ; 

(L3S) 

(LBS)  i 

1  V 

2104.1 

57S1.7  ! 

53.3 

32SS.6  ! 

H 

2263. S 

-335.8  ! 

-53.3 

-3258. 3  : 

K 

2104.1 

5761.7  1 

-53.3 

-32SS.S  : 

2  V 

3441.5 

5047,3  i 

717.2 

3221.1  : 

H 

2063.1 

-1405. S  . 

-717.2 

-3221.1  ; 

f. 

3441. S 

5047.3 

-717.2 

-3221.1  i 

3  V 

455S.S 

4187.7 

1326.5 

2S8S.S  : 

H 

1547.0 

-1634.5 

-I3S5.5 

-2S3S.S  i 

DATE  :  30-JUL-81 


TEST  STAGE 

length:  6.000 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


rSX  .  FRY  ;  KXENT 


(LBS)  i 

(L3S)  i 

CS-L8S)  i 

-2157.4  1 

-SCSI. 2  i 

3610.3  i 

-2235.3  ; 

4135.3  : 

347S.7  ! 

-2050.8  ! 

-2462.1  i 

235S4.2  ! 

-4153.8  i 

-8236. E  . 

-1737. S  ! 

-1345.0  1 

4527.5  ! 

3085.1  i 

-2724.5  : 

-1623.7  ; 

2003S.0  ;■ 

-5S56.3 

1  -7177. S  ! 

-5830. 3  I 

-150.4  : 

;  4574.4  ! 

3353.0  : 

-3163.3  ! 

:  -11S7.S  : 

15SS5.S  : 
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forces  on  test  stage  (global  coordinates) 

ACTUATOR:  MCOu  -  A0B5  -  6  IN  STROKE 


DATE  !  30-JLiL-8i  TNiiMV  4.4  -c. 


ACTUATOR  PIVOT  POSITION! 

ACTUATOR  #1  (  O.OOr  O.OO! 
ACTUATOR  12  (12.00.  0.005 
ACTUATCR  13  (18.00.  0.00) 


;  fxi  : 

FY1  ! 

FX2 

CASE/DIR  : 

:  (L3S)  : 

(LBS)  ! 

(LBS! 

1  V 

!  -1058.6  ! 

6041* B  ! 

-1603.6 

H  i 

i  23SS.S  i 

420.5  ! 

1603.6 

¥ 

;  -1058.6  ! 

6041.3  1 

1603.6 

2  V 

:  456. S  i 

60:2.3  ; 

-885.5 

H  ! 

:  24SO.O  ! 

-188.6  : 

38S.5 

U 

!  45S.5  i 

6032.3  i 

oar  5 

WW  w  »  V 

3  ij 

!  1855.2  : 

5806.6  1 

-2S5.5 

u 

:  2182.0  ; 

-685.3  ! 

285.5 

t. 

i  1855,2  ! 

5S03.5  ! 

285. 5 

TEST  S’ AGE 

length:  s.ooo 
height:  :.75c 


ACTUATCR 

ex’ensign: 

5. COO 

FY2  i 

FSX 

;  fry  : 

SGKEXT  : 

(L8S!  ! 

(L53! 

;  (LBS)  : 

(IN-lBS)  i 

2884.2  ! 

2662.2 

!  -8826.0  i 

3610.8  ! 

-2884.2  i 

-4003.4 

!  2463.7  ! 

347S.7  1 

-2884.2  ! 

-545.0 

!  -3157.6  ! 

23594.8 

3146.2  ! 

532.  S 

I  -3240. 5  ! 

-17S7.8 

-3146.2  ! 

-3478.5 

.  3334.8  ! 

3082.1  i 

-3148.2  : 

-1445.1 

-2844.2  i 

20033.0  : 

3287.8  1 

-1533.7 

:  -6184.2  ! 

-6830.5  ; 

-3287.5  ! 

-2487.5 

i  3873.0  ! 

3553.0  1 

-3287.5  ! 

-2140.5 

i  -2616.S  . 

15000  a  : 
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KINEMATICS  OF  IK  TWEE  ACTUATOR  INTER 

ACTiMTot:  woo  -  mb  -  i  in  sthe 

ACTUATOR  PIVOT  POSITION! 

ACT1MT0R  II  (  0.00.  0.00) 
ACTUATOR  n  (12.00.  0.00) 
ACTUATOR  13  (16.00.  0.00) 


I  PL1  I  FL2  (  H3  I 

CASE  t  (IN)  I  (IN)  I  (IN)  I 


MTE  :  03-AUB-81 


TEST  STAS 

lenbth:  o.ooo 

HEIGHT:  1.730 
ACTUATOR  EXTENSION:  3.000 


REF  FNT  I  THETA  I  STB  POS  I 
XI  Y  I  (RAD)  I  X  I  V  I 


4,5  -a. 

R6, 4.(o) 


P  1  I  3.6328  t  5.S177  I  3.4228  I  1.1230  I  17.4843  I  -0.3236  i  8.0000  I  18.0000  I 

P  2  I  2.0190  I  2.3668  I  0.0321  I  1.1230  I  13.6843  I  -0.3238  I  9.0000  I  13.2000  I 


IJ1  WR5  W-  ^ssn^jsr?  9.;M!»!ii  v*v>.  ^rt.’rjrx 


liSSSS SJ^BOH 


Ftwa  ON  TEST  STAGE  (LOCAL  COORUMTES) 

45t.*ts!  m  .  m  .  I  Tb  signg 


ACTUATOR  PIVOT  POSITION! 
ACTUATOR  fl  (  0.00*  0.00) 
ACTUATOR  02  (12.00.  0.00) 
ACTUATOR  13  (11.00.  0.00) 


SATE  I  03-AUHl 


TEST  STAGE 

length:  g.ooo 

HEIGHT:  1.730 

actuator  extension:  s.ooo 


T*tAje  4-.s-b 


I  FXl  I  FYl  I  FX2  I  FY2  I  FIX  !  FRV  I  WENT  I 

CASE/III  I  (LBS)  I  (LIS)  f  (LBS)  (  (LIS)  I  (LIS)  )  (LBS)  I  (IN-LBS)  ( 

1  V  I  -32SS.4  I  3377.7  I  -2SB9.I  I  1917.4  I  3933.2  I  -7293.0  I  20902.3  I 

H  I  1198.6  I  1032.7  t  2983.1  I  -1917.4  I  -43H.3  I  104.7  I  1177.4  t 

N  I  -3269.4  I  3377.7  I  2183.6  I  -1917.4  t  313.6  I  -3460.3  I  22906.4  I 

2  V  I  -3211.1  i  3231.1  (  -2812.0  (  1607.6  (  0093.3  t  -1839.4  I  21336.3  f 

H  I  2013.6  f  1288.0  (  2962.0  I  -1807.6  (  -4947.3  I  339.6  f  -31.6  I 

N  I  -3211.6  (  3231 .6  (  2982.0  i  -1907.6  I  329.6  I  -3624.2  (  21094.9  I 


) 

") 

0 


1 

o 

o 

o 

Q 


J 

o 

o 

o 

o 

> 

.) 

) 
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RICES  ON  TEST  STAGE  ION.  COOMHATES) 
ACTUATSt!  (BBS  -  ABB  -  S  !M  S11SS 


BATE  :  03-AU8-81 


T*T5<je  4-.* 


ACTUATOR  HIT  WITION: 
RCT1MT0R  II  (  O.OOr  0.00) 
ACTUAT1R  12  (12.00,  0.00) 
ACTUITV  R  <11.00,  0.00) 


TEST  STAC 

mm:  1.000 
hei«t:  1.750 

ACTUATII  EXTENSION: 


I  FX1  I  FY1  I  FX2  I  FY2  I  FIX  I  FT  I 

CASE/111  I  (US)  I  (US)  I  (US)  I  (US)  I  (US)  I  (US)  I 


1  V  I  -142.8  I  1231.3  I  -1X7.3  I  3003.4  I  1503.3  I  -3215.3  I 

H  I  1987.4  I  45.0  I  1X7.3  I  -3003.4  I  -33S4.7  I  2351.4  I 

N  I  -142.8  t  1291.9  t  1367.3  I  -3003.4  I  -1224.7  I  -321.3  I 

2  V  I  -185.4  I  1136.8  I  -1132.1  I  2833.2  I  117.3  I  -881.8  I 

H  I  2422.8  I  13.3  t  1192.1  I  -2X13.2  I  -4114.9  1  27B7.9  I 

M  I  -163.4  I  8136.1  (  1892.1  t  -2833.2  I  -1521.7  (  -3303.5  I 


5.000 


RKXT  I 
(SKIS)  I 


20802.5  i 
1177.4  I 
22906.4  I 
21336.3  I 
-31.1  1 
21094.9  I 


ttlNEMTICS  OF  THE  1MEE  HCTIMTOt  SYSTEM 

actuator:  moos  -  soe  -  s  in  sthxe 


MTE  :  03-AUW1 


~TM&Ub4.U-«. 
(«e  »*Uq.  4. if) 


rcniATOR  pivot  position: 

ACTUATW  #1  (  0.00,  0.00) 
ACTUATE)  12  <12.00*  0.00) 
ACTUATE)  13  <18.00,  0.00) 


TEST  STAGE 

ibbth:  s.ooo 

NEISHT:  1.790 
ACTUATE)  EXTENSION:  9.000 


I  Hi  I  112  I  m  I  8EFPNT  I  THETA  I  STB  MS  I 
CASE  I  (IN)  I  (IN)  I  (IN)  I  X  i  Y  I  (BAfi)  I  X  I  Y  I 

f  1  I  3.9043  f  9.9776  f  3.S7BO  I  4.8290  I  18.0949  I  -0.9238  I  9.7000  I  17.9000  I 
t  2  I  9.094  I  3.8179  I  0.8081  I  12.1290  I  16.0849  I  -0.9238  I  13.0000  I  17.6000  I 


If 

i-V. 

(i 

j( 

ic 


'  FORCES  ON  TEST  STAS  (LOCAL  COGMINATES) 
ACTUATORS  H006  *  MB  -  I  IN  STROK 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  *1  (  O.OO,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  03  (11.00,  0.00) 


DATE  :  03-AU6-81 


TEST  STAGE 

length:  i.ooo 
height:  1.790 
ACTUATOR  EXTENSION:  9.000 


l 

f 

O 

c 

© 

0 


o 

c 


© 

r 


i 

CASE/SIR  1 


FX1  I 
(LIS)  I 


FY1  I 
(J8>  1 


FX2  I 

cjs)  i 


FY2  I 
(LIS)  t 


FIX  I 
(LBS)  I 


FRY 

(LBS) 


t  HOHENT  t 
I  ( IN-LBS)  I 


V  I  <4108.4  I  4739.0  I  <3013.9  t  1344.8  I  7122.0  !  -6083.8  I  22649.3  I 

H  I  1992.7  I  1346.1  I  3013.3  I  -1344.8  I  <4986.2  I  -1.3  I  81.S  I 

N  1  -4108.4  I  4739.0  I  3013.9  I  -1344.8  I  1094.9  I  -3394.1  i  20167.9  ( 

V  I  -2121.3  !  9999.0  I  -2236.4  (  2426.7  I  4397.7  l  -8329.7  1  19043.1  I 

H  1  1942.6  I  698.6  i  2236.4  f  -2426.7  I  -417B.9  I  1728.1  I  2062.3  I 

H  I  -2121.3  I  3899.0  I  2236.4  I  -2426.7  I  -113.1  I  -3472.4  I  24779.7  I 


) 

> 


© 


a 


o 

o 

o 


& 


) 


J 

c> 

o 

o 


© 

) 
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POKES  OH  TEST  STAGE  (OLOML  COOMIMATES) 
actuatb:  H006  -  MB  -  C  IN  StittE 


BATE  I  03-AlIHil  TKBUC  4,<*-C 


ACTUATOR  PIVOT  POSITION: 
ACTUATOI II  (  0.00,  O.OO) 
MTUATOI  12  (12.00.  0.00) 
MTUATOI  «3  (10.00,  0.00) 


TEST  STABE 

lbsth:  o.ooo 

KIWT:  1.750 
MTUATOI  EXTENSION:  5.000 


I  FX1  I  FT1  !  FX2  I  FY2  (  FIX  I  FIT  I  WENT  I 

CASE/018  I  (LBS)  I  (LBS)  I  (LBS)  I  (LBS)  I  (LBS)  I  (LBS)  I  (IIHJS)  ! 


1  0  I  -1186.5  I 

H  I  2017.7  I 

H  I  -1186.5  I 

2  V  (  1112.4  I 

H  1  2031.8  I 

H  I  1112.4  i 


6158.3  I  -1837.4  I 
389.4  I  1537.4  I 

6151.3  I  1837.4  I 

6168.4  I  -723.4  I 
-3M.3  I  723.4  I 

6168.4  I  723.4  I 


2671.4  t  3125.8  I 
"2871.4  i  -3855.1  ! 
-2671.4  I  -748.8  I 
3219.7  I  -368.0  I 
-3219.7  I  -2735.0  I 
-3213.7  I  -1835.8  I 


-1829.7  i  22845.9  I 
2282.0  I  81.8  I 
-3486.9  I  20167.5  I 
-8389.1  I  18043.1  I 
3588.0  I  2062.5  I 
-2949.6  I  24775.7  I 


TABLE  I 


FORCE  RANGES  AT  MAXIMUM  AND  MINIMUM  POSITIONS  FOR  EACH  ANGLE  ALONG  THE 

HORIZONTAL  AXIS 


ANGLE 

(deg) 

HORIZONTAL 

(Ibf) 

VERTICAL 

(Ibf) 

MOMENTS 
(in -Ibf ) 

-  -  -  -  j 

. +50°  ' 

5000  -  6500 

14,000 

-50° 

7700  -  8200 

4200  -  5100 

24-26,000 

+40° 

4400  -  6800 

6200  -  8100 

13-19,000 

-40° 

6200  -  7800 

5200  -  7000 

21-23,000 

+30° 

2200  -  5900 

7200  -  9100 

16-24,000 

-30° 

4400  -  7100 

6100  -  8300 

23-25,000 

+20° 

2900  -  3000 

4400  -  9300 

17-26,000 

-20° 

3500  -  6200 

7000  -  9100 

22-26,000 

+10° 

3500  -  4000 

8500  -  9100 

21-26,000 

-10° 

2700  -  5200 

7800  -  9400 

24-26,000 

0° 

2200  -  4100 

8500  -  9200 

24-26,000 

TABLE  II 


FORCE  RANGES  AT  MAXIMUM  AND  MINIMUM  POSITIONS  FOR  EACH  ANGLE  ALONG  THE 

VERTICAL  AXIS 


ANGLE 

(lbf) 

HORIZONTAL 

(lbf) 

VERTICAL 

(lbf) 

MOMENT 
(in- lbf) 

+50° 

6900-7000 

6000 

11-12,000 

-50° 

8100 

i 

4500 

25,000 

+40° 

5600-5700 

7200-7300 

16,000 

-40° 

7200 

5700-6000 

23,000 

+30° 

4100-4200 

8200-8300 

20,000 

o 

o 

CO 

1 

3300-4100 

8900-9300 

21-23,000 

+20° 

2500-2600 

8800-9100 

22-23,000 

-20° 

4400-4800 

7800-8300 

23-25,000 

+10° 

2400-3300 

9100-9400 

24-26,000 

-10° 

3500-4500 

8500-9100 

24-26,000 

0° 

2900-4200 

8900-9500 

24-26,000 

■Wf'Klrt  1  r/f!  W  *  S!H 
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5.0  DISCUSSION:  Selection  of  Design  Parameters 

To  optimize  the  response  of  the  system  a  pivot  point  that  mini¬ 
mizes  gross  actuator  motion  is  required.  The  results  indicated  that  the 
lower  pivot  point  is  the  best  choice  to  meet  this  requirement.  Therefore, 
the  apparatus  design  will  incorporate  the  actuators  mounted  at  the  lower 
pivot  point. 

A  set  of  ranges  of  maximum  and  minimum  motion  was  established  for 
the  test  stage  positioned  at  positive  angles.  A  second  set  was  determined 
for  the  negative  angles.  These  results  were  combined  into  a  single  set 
of  envelopes  by  using  the  more  conservative  extreme  positions  from  the 
two  sets  of  calculations  at  each  magnitude  (absolute  value)  of  test 
stage  angle.  Figure  5.1  shows  the  range  of  motion  for  the  absolute  value 
of  test  stage  angle.  In  the  first  quadrant  the  actual  boundary  for  0° 
angle  of  the  stage  is  shown.  This  curvature  of  the  envelope  was  found  to 
be  similar  for  all  of  the  envelopes. 

In  order  to  simplify  the  boundary  conditions,  a  conservative, 
linear  approximation  was  made  for  the  curved  boundaries.  Figure  5.1 
shows  this  approximation  for  all  of  the  various  angles.  All  of  the 
envelopes  have  a  similar  shape,  however,  they  are  not  concentric.  The 
variations  in  the  envelopes  is  due  to  the  non-geometric  constraints  on 
the  system,  such  as  the  actuator  interference  constraints. 

A  second  linearization  can  simplify  the  results  further.  Figure 
5.2  shows  the  variation  of  the  actual  boundary  from  the  center  of  the  axis 
system  as  a  function  of  increasing  angle.  The  curves  are  non-linear  which 
results  in  the  non-concentric  envelopes.  Conservative,  linear  approximations 
were  made  for  each  axis  (see  Figure  5.2),  which  results  in  concentric  linear 
envelopes,  Figure  5.3. 

The  finalized  enveloped  (Figure  5.3)  have  the  following  ranges  of 

motion 


1  - . - 

ANGLE 

MAXIMUM 

VERTICAL  RANGE 
(in.) 

MAXIMUM 

HORIZONTAL  RANGE 
(in. ) 

0° 

5.0 

13.0 

10° 

4.1 

10.8 

20° 

3.2 

8.8 

30° 

2.5 

6.6 

40° 

1.7 

4.5 

50° 

0.9 

2.3 

These  ranges  of  motion  are  more  than  adequate  to  meet  test 
requirements  for  all  of  the  spinal  specimens.  The  simplified  linear 
approximations  may  be  applied  to  the  definition  of  a  motion  limit 
envelope  used  by  the  PMMTA  control  system  for  limit  motion  detection. 
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6.0  SUMMARY 


The  Moog  AO-85  actuator  is  suitable  for  the  Planar  Motion  Material 
Testing  Apparatus  (PMMTA).  The  following  conclusions  may  be  drawn  from 
the  kinematic  study  of  the  three  actuator  system: 

1)  The  PMMTA  actuator  configuration  will  utilize  the  lower  pivot 
point  of  the  actuator. 

2)  Considering  the  pivot  point  of  the  first  actuator  as  the  origin 
of  a  set  of  global  axes,  the  second  and  third  actuator  pivot  point  locations 
are  at  (12,  0)  and  (18,  0)  respectively.  The  moveable  test  stage  is  six 
inches  long  and  is  attached  to  the  actuator  pistons  by  five  inch  extensions. 

3)  The  PMMTA  load  capacity  exceeds  the  test  requirements  for 
vertical,  horizontal  and  moment  loading  of  spinal  specimens  by  at  least 
a  factor  of  three.  The  envelope  of  motion  of  the  PMMTA  depends  on  the 
angle  of  rotation  for  the  test  stage  (the  size  of  the  envelope  decreasing 
as  the  absolute  value  of  the  angle  increases). 

4)  The  smallest  envelope  of  motion  for  the  specimen  test  stage  is 
0.9  in.  vertical  and  2.3  in.  horizontal  at  50°  angle  of  the  test  stage. 

This  exceeds  the  requirements  for  testing  spinal  specimens. 


BMEt 
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APPENDIX  A: 


Appendix  A  contains  a  listing  of  the  various  subroutines  used  in  the 
Kinematic  study. 
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C  PROGRAM  TO  STUDY  THE  KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 
C  FILE  :  3ACKIN.F04 
C 

PROGRAM  ACTKIN 
C 

LOG I CAL* 1  FNOUT  < 14) 

LOGICAL  PLT.HDC.PLN 
INTEGER  OUTDEV 
DIMENSION  DAY(3) 

COMMON/ACT/  NA , A ( 2 , 75 ) , RA ( 2 » 75 ) 

COMMON/CONTRL/  I  PC 
COMMON/LDFRM/  S.EXP.X2.X31 
COMMON/PL/  PL1 t PL2, PL3 
COMMON/ PLT WIN/  XMN , XMX , YMN , YMX 
COMMON/TST /  NTS.TS<2, 13 > , RTS<2, 13) 

COMMON/GEOM/TH1 .TH2.TH3.TH, 

&  U1 (2) ,U2(2) ,U3(2> 

COMMON/COORD/XC , YC, PH 
C 
C 

CALL  DAVE (DAY) 

NA=75 

NTS=13 

NCAS=100 

C 

C  OPEN  two  scratch  Files.  UNIT=50  and  UNIT=51  For  the  Force  output 
C 

OPEN ( UNIT  =  50  .TYPE3 'SCRATCH ' , INITIALSI2E=50 , 

&  REC0RDSIZE=30 ) 

0PEN(UNIT=51  ,  TYPE3  'SCRATCH ', INITIALSIZE350, 

&  RECORDS  1 2E  =  30) 

C 

C  Read  ACTUATOR  data 
C 

OPEN ( UNIT*20  t NAME3  '8ACTUA . DAT ' , TYPE3 'OLD ' , ACCESS3 'SEQUENTIAL ' ) 
READ ( 20 . * )  ( I , A ( 1 , 1 ) , A ( 2  r I > , I  3 1 . NA ) 

CLQSE(UNITa20) 

C 

C  Read  TEST  STAGE  data 
C 

OPEN (UN IT* 20  , NAME3 '8TSTST.DAT '  .TYPE3 'OLD ' .ACCESS3 'SEQUENTIAL') 
READ(20r*)  (I,TS(1,I)»TS(2,I),I31 .NTS) 

CL0SE(UNIT320) 

C 

C  Read  INPUT  data 
C 

OPEN ( UNIT*20 » NAME3 'BACKIN. 101 ' .TYPE3 'OLD ' » ACCESS3 'SEQUENTIAL  ' ) 

C 

C  SET  AN  OUTPUT  DEVICE  I  Printer  (P).  File  (FILE  NAME) 

C  A  Terminal  is  NOT  allowed  because  plottina 

C 

READ (20. 31 4)  FNOUT 
314  FORMAT ( 14A1 ) 

0UTDEV=6 

IF ( FNOUT ( 1 )  .EQ.  'P'l  GOTO  0 
OUTDEV-25 

OPEN ( UNIT-25 . TYPE-  'NEW ' . ACCESS3 'SEQUENTIAL ' . NAME-FNOUT . ERR=800 > 
GOTO  8 

800  CONTINUE 

TYPE  *.'  ERROR  IN  THE  OUTPUT  FILE  NAME  I ' 

TYPE  801. FNOUT, DAY 


u  Q3  u  in  u  u  u  u  cjou  in  to  n  u  uucjw 


801  FORMATS  FILE  NAME!  '  10A1 , BOX, 'DATE  :  '  3A4) 

STOP 

CONTINUE 

IF(QUTDEU  .EQ.  6)  OPEN(UNIT=B,NAME= 'LP1 ' , REC0RDSI2E= 132 , 

&  ACCESS  - 'SEQUENTIAL ' , FORM3 'FORMATTED ' ,CARRIAGECONTROL=  'FORTRAN  ' ) 

PLT=. FALSE. 

READ (20 ,50)  RESP 
FORMAT (A1 ) 

IF(RE5P  .EQ.  'P'>  PLT=.TRUE. 

HDC= . FALSE . 

READ (20,50)  RESP 
IF (RESP  .EQ.  'H')  HDC=.TRUE. 

PLN=. FALSE. 

READ (20, 50)  RESP 
IF(RESP  .EQ.  'P')  PLN= . TRUE . 

READ (20,*)  XMN , XMX , YMN , YMX 
READ (20 , * )  IPIUOT 
READ (20,*)  S , EXP , X2 , X3 

IF(PLT)  CALL  PLTHD 
CALL  WRTHD ( QUTDEM , DAY ) 

CALL  WRTFHT ( 50 , DAY ) 

CALL  WRTFHG(51 ,DAY) 

Read  the  actuator  lenaths  to  be  plotted 

DO  1  1=1, NCAS 

IF ( .NOT.  PLN )  GOTO  5 

READ ( 20 , * , END-900 )  IPC,XC,YC,PH 
CALL  PSTLEN  (IPIOOT) 

IF ( P 1  .GT.  6. )  GOTO  1 
IF ( P2  , GT .  B.)  GOTO  1 
IF ( P3  .GT.  6.)  GOTO  1 
GOTO  6 

READ ( 20 , * , END-900 )  I PC , PL 1 , PL2 , PL3 
CONTINUE 

IF ( I  PC  „ NE .  B)  GOTO  2 

IF ( PLT  .AND.  HDC)  CALL  HDCPY 

IF (  (.NOT.  PLT)  .OR.  (PLT  .AND.  NDC )  )  GOTO  3 
CALL  ALPH 

IF (PLT  .AND.  .NOT.  HDC)  ACCEPT  50, RESP 
CALL  INITT 
CONTINUE 

Check  For  the  END  oF  UNIT=20 
READ (20,*, END-900) 

BACKSPACE  20 
IF ( PLT )  CALL  PLTHD 
CALL  DASH ( QUTDEU ,50,51) 

1*1-1 
GOTO  1 

Produce  output  for  plottina  and  uritina 
CONTINUE 

CALL  K INCAL ( IPIUQT ) 

IF ( PLT  .AND.  I  PC .EQ. 1 )  CALL  PLTOUT( IPIUOT) 


{ 


) 


( 

( 

( 

£ 


0 


CALL  WRTQUT ( QUTDEV  r I ) 

CALL  FORCAL 

CALL  WRTF0R(50»51 r I ) 

1  CONTINUE 

C 

300  CONTINUE 

CALL  FQRMFD(OUTDEV) 

CALL  DUMPFL ( OUTDEV » 50 ) 

C 

CALL  FORMFD ( OUTDEV ) 

CALL  DUMPFL (OUTDEUr 51) 

C 

IF(OUTDEV  .£8.  6)  CLOSE(UNIT*G> 
CLOSE (UN IT *20) 

IF (OUTDEV  .EQ.  25)  CL0SE(UNIT=25 ) 
C 

END 


) 

* 


rt 


0 


o 


$ 


( 


$ 
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FUNCTION  ANQL(COSA) 

SINA«SQRT( 1 .-COSA*COSA) 
ANGL*ATAN<SINA/COSA) 
PI*4.*ATAN( 1 . ) 

IF (ANQL  .LT.  0.)  ANGLaPI+ANGL 
END 


SUBROUTINE  FORMFD(OUTDEV) 
INTEGER  GUTDEU 
WRITE(OUTDEUf IDO)  12 
FORMAT (  '  ' » A1 ) 

END 


SUBROUTINE  DASH<NOUTOrNOUTl t N0UT2) 
WRITE (NOUTO» 100) 

WRITE<  NQUT1 » 101 ) 

WR I TE ( N0UT2  r 1 02 ) 

100  FORMAT ( IX, 88< 

101  FORMAT ( IXf 82< 

102  FORMAT ( 1 X » 82  < ' - ' ) > 

END 


* 


0 


SUBROUTINE  DUMPFL ( OUTDEV r NU ) 
INTEGER  OUTDEV 
DIMENSION  A (30) 


C 

REWIND  NU 
DO  1  1=1,500 
READ (NU, 100 rEND=900>  A 
WRITE(OUTDEMr200)  A 
1  CONTINUE 

SOO  CONTINUE 

CLOSE(UNIT-NU) 

C 

100  FORMAT (30A4) 

200  FORMAT (IX, 30A4 ) 

END 


nnnn 


SUBROUTINE  KINCALt IPIVQT) 

COMMON/LDFRM/  S,EXPrX2,X3 
COMMON/PL/  PL1 1 PL2f  PL3 
CQMMON/TST /  NTSrTS(2rl3) ,RTS(2,13) 
C0MM0N/GE0M/TH1 r  TH2 r  TH3 , TH  r 
&  U1 (2) f U2<2) rU3(2) 


SINA(COSA) =SQRT ( 1 .  -  COSA*COSA> 
PI=4.*ATAN<1. ) 


Kinematic  relations  For  the  3  DOF  test  appartatus 
EXB=0 . 

IF ( I PIVOT  .EQ.  53)  EXB=9.14 

EXT =EXP+EXB 

D1=PL1+EXT 

D2=PL2+EXT 

D3=PL3+EXT 

CTH1 = ( D1*D1  +  X2*X2  -  D2*D2 ) / ( 2. *D1*X2 ) 
TH1-ANGL(CTH1 ) 

U1 < 1 ) =D1*CTH1 
U1 (2)=D1*SINA<CTH1 ) 

CTH2=(D1*CTH1~X2)/D2 
TH2=ANGL ( CTH2 ) 

DX=X3-X2 

D  =  SQRT  <  D2*D2  +  DX*DX  -  2 . *D2*DX*CTH2 ; 

CTH3P= (DX-D2*CTH2 ) /D 
STH3P=SINA (CTH3P ) 

CTH3PP- (D*D  +  D3*D3  -  S*S)/<2.*D*D3) 
STH3PP=SINA<  CTH3PP ) 

TH3=PI  -  <ANGL(CTH3P)  +  ANGL(CTH3PP) ) 

U2 ( 1 ) =X3-D3* ( CTH3P*CTH3PP  -  STH3P*STH3PP) 
U2(2)=D3*(STH3P*CTH3PP  +  CTH3P*STH3PP ) 


U3< 1 ) =0.5* (U1 <1 )  +  U2  < 1 ) ) 

U3( 2 ) =0.5* (U1 (2 )  +  U2 ( 2 ) ) 

TH=ATAN(  (U2(2)-U1 (2) )  /  (U2( 1 )-Ul ( 1 ) )  ) 


J 

J 

) 
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SUBROUTINE  PLTHD 
C 

COMMON/LDFRM/  S,EXP,X2,X3 
COMMON/ PLTW IN/  XMN , XMX , YMN , YMX 
C 

c 

C  Set  up  Plot  area  and  type  headinss 
C 

CALL  ERASE 

CALL  CURSQR(0. ,750. ) 

TYPE  100, S, EXP,X2,X3 

100  FORMAT (40X, 'ACTUATOR  KINEMATIC  STUDY'/ 

&  45X, 'TEST  STAGE  LENGTH  ='F5.2/ 

&  45X, 'EXTENSION  DISTANCE='F5. 2/ 

&  45X, 'POSITION  OF  ACT  #2='F5.2/ 

&  45X, 'POSITION  OF  ACT  #3='F5.2) 

CALL  CURSOR <0., 750. ) 

TYPE  200 

200  FORMAT ('  MOOG  AO-85'/'  ACTUATOR') 

CALL  CURS0R(0. , 15. ) 

TYPE  101 

101  FORMAT (65X, 'WTE  ' ) 

C 

CALL  INITB 
C 

C  Draw  the  Actuator  Model 
C 

CALL  HINDU  .  ,-20.  ,5.  ,-2.  ,8.  ,0.  ,5.25) 
CALL  WINDBD 

CALL  PLTACT (51,0.,0.,0.,0.,1.) 

C 

C  Setup  the  drawins  window 
C 

CALL  W I ND ( 6 . 25 , XMN , XMX , YMN , YMX , 0 . , 0 . ) 
CALL  WINDBD 
CALL  AXISU.  ) 


n  n  n  n 


C 


SUBROUTINE  PLTOUT( IPIVOT) 


CQMMON/LDFRM/  SrEXP,X2,X3 
COMMON/PL/  PL1 r PL2  j PL3 
CQMMON/TST/  NTSrTS<2,13> ,RTS<2,i3> 
COMMQN/GEOM/TH1 r  TH2 r  TH3 r  TH , 

&  U1 (2) rU2(2) rU3(2) 


Plot  the  actuators  and  the  load  platten 
FORM  I  CALL  PLTACT( IPIVOTrXAr YA,TH, PLr AM) 

CALL  PLTACT ( IPIUOT »0. ,0. ,THI , PL1 r 1 .  ) 
CALL  PLTACT(IPIU0TrX2r0. ,TH2,PL2rl. ) 
CALL  PLTACT  < I  PIVOT  ?X3f 0. rTH3»PL3f-l .  ) 

XA=U1 ( 1 ) 

YA=U1<2) 

CALL  SCLB0D(NTS,TS,RTS,lri,2,S) 

CALL  ROTATE ( NTS , RTS , RTS , i » XA , YA , TH ) 

CALL  PLTTS 

END 


SUBROUTINE  WRTHD ( OUTDEM * DAY ) 
INTEGER  OUTDEV 
DIMENSION  PAY<3) 


C 


C 

C  Write 
C 


C 

300 

301 


302 


COMMON/LDFRM/  S,EXP,X2,X3 
CQMMON/TST/  NTS , TS < 2 , i 3 ) » RTS ( 2  , 1 3 ) 

header  to  OUTDEU 

MR I TE ( OUTDEV 1 300 )  DAY 

WRITE(0UTDEU,30i>  0. ,0. ,S,X2,0. ,TS<2r 13) ,X3rO. ,EXP 
WRITE(0UTDEUr302) 

FORMAT (  '  KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM '20X 'DATE  .*  '3A4/ 
4  -  4X'  ACTUATOR:  MOOG  -  AQB5  -  6  IN  STROKE') 

FORMAT ( /5X '  ACTUATOR  PIUOT  POSITION!  ',20Xr'TEST  STAGE'/ 

4  10X'  ACTUATOR  #1  ( 'F5. 2 ' r 'F5. 2  ' ) '20X  'LENGTH:  'F8. 3/ 

4  10X'  ACTUATOR  #2  (  'F5.2  ' ,  'F5.2  ')  '20X  'HEIGHT.*  'F8.3/ 

4  10X'  ACTUATOR  #3  ( 'F5 . 2 ' ,  'F5.2  ' )  '  15X 

4  'ACTUATOR  EXTENSION: 'F8. 3) 

FORMAT ( // '  '  !  PL1  I  PL2  !  PL3  I', 

4'  REF  PNT  I  THETA  I  STG  POS  I'/ 


c 


SUBROUTINE  WRTOUT<OUTDEV,NC) 


t 

« 

4 

< 

© 

© 

© 

c 


LOGICAL*l  IPA(Z) f IFA(2) 

INTEGER  QUTDEM 
C 

COMMON/CONTRL/  IPC 
COMMON/LDFRM/  5,EXP,X2,X3 
COMMON/PL/  PL1 r  PL2 » PL3 
COMMON/TST /  NTS » TS  <  2 , 1 3 ) ,  RTS  <  2 , 1 3 ) 

C  OMMON/GEOM/TH 1 , TH2  f TH3 , TH , 

&  Ul(2) fU2(2) »U3(2> 

DATA  IPA/'  '-'P'/ 

C 

C  Write  the  calculated  output  data 
C 

XA=U1 ( 1 ) 

YA*U1<2) 

CALL  SCLBOD ( NTS  t TS  t RTS  r i » 1 r  2  f  S  > 

CALL  ROTATE ( NTS , RTS  r RTS » 1 r  XA  r YA , TH  > 

WR I TE ( QUTDEM » 303 >  IPA< IPC+1 ) rNC» 

&  PL1 1 PL2  r  PL3  r 

&  U3(l ),U3(2> ,TH,RTS(1 , 13) ,RTS<2rl3) 

C 

303  FORMAT <2XrAl r 14 '  I ' ,8<F8.4, IX  '  I  ' ) > 

END 
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SUBROUTINE  FORCAL 
COMMON/LDFRM/S , EXP  r  EX2 ,  EX3 

COMMON/FORCES/X1 (3) ,Y1<3> ,X2<3) , Y2<3 > , XR1 < 3 > ,YR1 (3) ,RM0<3) , 
&  X1L(3) ,Y1L<3> ,X2L(3) rY2L<3> ,XRL<3> ,YRL<3> 

COMMON/GEOM/TH1,TH2,TH3,TH,U1(2> ,U2(2> ,U3<2> 

DIMENSION  FI (3) ,F2(3) ,F3(3) 


PI=4 . *ATAN( 1 . ) 
SINO=SIN(TH) 
COSO=COS<TH> 
SIN1=SIN(TH1 ) 
COSl*COS(THl) 
SIN2A=SIN( PI-TH2) 
C0S2AsC0S< PI-TH2) 
SIN3A=SIN( PI-TH3) 
C0S3A=C0S ( PI-TH3 ) 
FI ( 1 ) -3300. 

F2(  1  > =3300. 

F3( 1 ) *3300. 

FI (2) -3300. 

F2 (2 ) *-3300 . 

F3(2>  =-3300. 

FI (3) =3300. 

F2<3) =3300. 

F3(3) =-3300. 


Resolution  of  input  forces  and  reaction  Forces  to  alobal  coordina 
on  the  test  staae. 

DO  5  >1,3 

Y1 ( J)=F1 (d)*SINl+F2( J)*SIN2A 
Y2( J)=F3( J)*SIN3A 
XI ( J ) *-F2 ( J ) *CQS2A+F 1 <  J ) *C0S1 
X2 ( J ) *-F3 ( J ) *C0S3A 
XR1< J)=-(X1( J)+X2< J)  ) 

YRi( J)=-<Y1< J)+Y2< J) ) 

Resolution  of  input  forces  and  reaction  forces  to  local  coordinat 
on  the  test  staae. 

Y1L< J)=Y1(J)*C0S0-X1( J)*SINO 

Y2L ( J ) ®Y2 ( J )*C0S0-X2<  J )*SINO 

X1L( J)=Y1 ( J)*SIN0+X1< J)*COSO 

X2L ( J ) *Y2 ( J  > *SIN0+X2 ( J  )  *COSO 

YRL ( J ) «YRl ( J )*C0S0-XR1 ( J )*SINO 

XRU  J ) -YR1 ( J  >*SIN0+XR1 ( J ) *COSO 

RMO< J)=(Y1L( J)-Y2L( J) )#S/2-l .75*<X1L< J)+X2L< J) ) 


CONTINUE 

END 
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SUBROUTINE  WRTFHT ( OUTDEV » DAY > 

INTEGER  OUTDEU  ) 

DIMENSION  DAY (3) 

C 

COMMON/LDFRM/  SrEXP,X2,X3 
COMMON/TST/  NTS,TS(2r 13) , RTS (2, 13) 

C 

C  Writs  header  to  QUTDEUr  a  scratch  file 
C 

NRITE( OUTDEV  r  300 )  DAY 

WRITE(0UTDEMr301 )  0. ,0. ,S,X2,Q. ,TS(2, 13) »X3,0. ,EXP  A 

WR I TE ( OUTDEV 1 302 ) 

C 

300  FORMAT ( '  FORCES  ON  TEST  STAGE  (LOCAL  COORDINATES) '19X 'DATE  :  '3A4/A 
&  4X '  ACTUATOR:  MOOD  -  A085  -  8  IN  STROKE') 

301  FORMAT ( /5X '  ACTUATOR  PIVOT  POSITION:  ',20X,'TEST  STAGE'/ 

&  10X'  ACTUATOR  #1  ( 'F5.2 ' » 'F5.2 ' ) '20X 'LENGTH:  'FB.3/  Q 

&  10X'  ACTUATOR  #2  (  'F5 . 2  '  r  'F5 .2  ' )  '20X 'HEIGHT: 'F8 . 3/ 

&  10X'  ACTUATOR  #3  ( 'F5.2  ' , 'F5.2 ' ) ' 15X 

&  'ACTUATOR  EXTENSION:  'FB. 3)  Q 

302  FORMAT ( // '  f  FX1  I  FY1  I  FX2  I', 

&'  FY2  I  FRX  I  FRY  I  MOMENT  I'/ 

&  '  CASE/DIR  I  (LBS)  I  (LBS)  I  (LBS)  Q 

&'  (LBS)  I  (LBS).  I  (LBS)  I  (IN-LBS)  !  '/ 
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SUBROUTINE  WRTFHG ( OUTDEU t DAY ) 

INTEGER  OUTDEM 
DIMENSION  DAY(3) 

C 

COMMON/LDFRM/  SrEXP,X2rX3 
COMMON/TST/  NTS,TS12, 13) ,RTS(2, 13) 

C 

C  Write  header  to  OUTDEUr  a  scratch  file 
C 

WR ITE ( OUTDEM  r  300 )  DAY 

WRITE ( OUTDEM r 301 )  0. »0. ,S,X2rO. ,TS(2» 13) ,X3,0. »EXP 
WRITE (OUTDEM, 302) 

FORMAT < '  FORCES  ON  TEST  STAGE  (GLOBAL  COORDINATES)' 

&  18X  'DATE  I  '3A4/ 

&  4X '  ACTUATOR:  MOOG  -  AQ85  -  8  IN  STROKE') 

FORMAT ( /5X '  ACTUATOR  PIMOT  POSITION!  ',20X,'TEST  STAGE'/ 

&  10X'  ACTUATOR  #1  (  'F5.2 % 'F5.2 ' ) '20X 'LENGTH: 'FB.3/ 

&  10X'  ACTUATOR  #2  (  'F5.2 ' » 'F5.2  ' ) '20X 'HEIGHT! 'FB.3/ 

&  10X'  ACTUATOR  #3  (  'F5 . 2  ' ,  'F5.2  ' )  '  15X 


C 

300 


301 


302 


'ACTUATOR  EXTENSION! 'F8. 3) 


FORMAT (//' 

&'  FY2 

& 

&'  (LBS) 

&r  lXr82(  '-')  ) 
END 


I 


I  FRX 
CASE/DIR 
I  (LBS) 


FX1 

FRY 

(LBS) 

(LBS) 


FY1  I 
MOMENT 
(LBS)  i 
(IN-LBS) 


FX2 
I  '/ 
(LBS) 
I  '/ 
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SUBROUTINE  WRTFQR < NOUTO , NOUT 1 r NC ) 

LOGICAL*!  A(3) 

COMMQN/FQRCES/X1 (3)fYl(3)»X2(3) »Y2<3) >XR1 (3) * YR1 <3) » RMQ(3) » 
&  X1L(3) ,Y!L<3) rX2L<3) »Y2L<3) fXRL(3) ,YRL<3) 

DATA  A/'U', 'H'r  'M '/ 

C 

WRI  T£(  NOUTO  *  200)  NC»  (A(X)  fXILd  )  rYlL(I)  »X2L(  X  )  »Y2L(  X)  > 

&  XRL ( I ) » YRL ( I ) » RMC ( I )  » I  =  1 » 3 ) 

WRITE (N0UT1 r 200)  NC» (A< I ) » XI ( I ) » Y1 < I ) »X2( I >  » Y2( I ) » 

&  XRKD.YRKI)  ,RMO(I)  ,1  =  1,3) 

C 

200  FORMAT { lXr I4*2Xr A1 '  I ',6<F8. 1 r IX  '  I  7 > ,F9. 1 ,1X  '  I  '/ 

&  7X,  Al'  I  ' » 6 ( F8 . 1 . 1 X  '  I ' ) » F9 . 1 » 1 X  '  I  '  / 

&  7X  t  Al'  I  '»6<F8.1rlX/l ' ) »F9. 1 » IX '  I  ' ) 

END 
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SUBROUTINE  PSTLEN  (I PIVOT) 

C 

C0MM0N/LDFRM/S,EXP,X2,X3 
♦COMMON /PL/ PL 1 , PL2 , PL3 
COMMON/COORD/XC  ,  YC , PHO 
COMMON/CONTRL/ I PC 
C 
C 

PI»4.*ATAN(1 . ) 

PH=PH0*PI/180. 

C 

C  Calculations  oF  piston  lcnsths  siutn 

C 

r 

R2=XC+S/2 . *COS <  PH )  +  l . 75*S IN ( PH ) 
R1=XC-S/2.*C0S(PH>+1 .75*SIN(PH) 

C 

PL1 =SQRT ( (R1**2)+(S1**2) ) 
PL2*SQRT<  < (X2-R1 )**2)+(Sl**2) ) 
PL3*SQRT ( ( (X3-R2 >  **2  >♦ ( S2**2 ) ) 

C 

EXB=0 . 

IFilPIVOT  .EQ.  33)  EXB=9.14 
EXT =EXP+EXB 
PL1 =PL 1-EXT 
PL2=PL2-EXT 
PL3”PL3-EXT 
C 

END 


) 

) 

O 

© 

Etase  position  and  Anale  (PH). 
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APPENDIX  B: 


Each  figure  in  Appendix  3  represents  maximum/minimum  positions  for  the 
test  stage  at  a  specific  angle.  Included  with  each  figure  in  the  kinematic 
dimensions  along  with  the  maximum  local  and  global  forces  and  moments  on  the 
test  stage. 

The  contents  of  the  Figures  are  as  follows: 

Figure  :  Horizontal  max/min  position  @  -10° 

Horizontal  max/min  position  @  +10° 

Horizontal  max/m, in  position  @  -20° 

Horizontal  max/min  position  §  +20° 

Horizontal  max/min  position  §  -40° 

Horizontal  max/min  position  @  +40° 

Horizontal  max/min  position  @  -50° 

Horizontal  max/min  position  @  +50° 

Vertical  max/min  position  .@-10° 

Vertical  max/min  position  @  +10° 

Vertical  max/min  position  @  -20° 

Vertical  max/min  position  @  +20° 

Vertical  max/min  position  @  -40° 

Vertical  max/min  position  @  +40° 

Vertical  max/min  position  @  -50° 

Vertical  max/min  position  @  +50° 
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WTE 


MTE  :  03-AUM1 


KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 
ACTUATOR!  HOGG  -  A065  -  i  IN  STROK 


ACTUATOR  A  WOT  POSITION! 
ACTUATOR  «1  (  O.OO.  0.00) 
ACTUATOR  02  ($2.00.  0.00) 
ACTUATOR  13  (11.00.  0.00) 


TEST  STAGE 

lenbth:  1.000 

HEIGHT:  1.750 
ACTUATOR  EXTENSION: 


I  PL1  (  PL2  I  PL3  i  SEF  PNT  I  THETA  I 
CASE  I  (IN)  I  (IN)  I  (IN)  I  X  !  Y  I  (RGB)  i 


3.000 

STS  FOS  t 
X  I  Y  I 


r  1  I  2.2635  I  5.S217  I  5.1305  I  3.3361  (  15.1768  i  -0.1745  I  3.7000  i  17.6000  I 
P  2  i  5.5122  t  2.2633  I  1.2255  I  14.4961  i  15.8786  I  -0.1745  I  14.6000  I  17.6000  I 


FORCES  OK  1ST  ITME  (LOCAL  COKflMTES) 
ACTUAT®:  MSB  -  MB  - 1  IN  8TKXE 


BATE  I  0HXJ6-61 


ACTUATOR  PIVOT  NBITIOR: 
ACTUATOR  II  (  0.00»  1.00) 
ACTUATOR  12  (12.00*  0.00) 
ACTUATOR  13  06.00*  0.00) 


TEST  STARE 

lembth:  o.ooo 

HEIGHT:  1.730 
ACTUATOR  EXTBSIfiC 


I 

CASE/DIR  I 


FXl  I 
(LBS)  I 


FY1  I 
(IBS)  I 


ns  i 

(LIS)  I 


FY2  I 
(LBS)  I 


FIX  i 
(LBS)  I 


FIT  l 
(LBS)  I 


1  V  I  >2826.1  I 

H  i  1833.4  I 

H  I  >2126.1  i 

2  V  I  73B.4  1 

H  I  2063.8  I 

H  (  736.4  ( 


3390.3  (  -2420.7  I  2242.8  t  3246.8  I  -7833.0  I 
138.0  I  2420.7  i  -2242.8  I  -4276.2  I  1304.8  I 

3380.3  1  2420.7  I  -2242.8  I  403.3  I  -3347.3  I 
1220.0  1  -06.9  I  3227.3  )  -49.5  I  -9447.3  I 
-245.2  I  01.9  I  -3227.3  )  -2734.3  I  3472.5  I 
6220.0  (  60.9  I  -3227.3  I  -1427.2  I  -2892.7  I 


5.000 


HONEMT  i 
(UHBS)  I 


18224.4  I 
2038.9  I 

24206.4  I 
091.5  I 
412S.0  I 

25944.1  I 


FORCES  OK  TEST  STAGE  (GLOBAL  (DOMINATES) 
ACTUATOR:  WQ6  -  A8B5  -  I  IN  STRIKE 

ACTUATOR  PIVOT  POSITION.' 

ACTUATOR  tl  (  O.OO,  0.00) 
ACTUATOR  12  (12.00.  0.00) 
ACTUATOR  13  (18.00.  0.00) 


BATE  :  03-AUM1 


TEST  STAGE 

length:  i.ooo 

KIOHT:  1.790 
ACTUATOR  EXTENSION:  9.000 


* 

$ 


I  FXi  I  FTi  I  nc  I  FY2  I  FIX  I  FRY  !  KKNT  I 

CASE/OIR  I  (LBS)  )  (LBS)  I  (LBS)  I  (US)  I  (LBS)  I  (US)  I  (IIKIB)  I 

1  V  I  >1112.4  I  5998.1  i  -1994.5  I  2S2S.1  I  3006. S  I  >8625.1  I  18224.4  I 

H  I  1990.1  f  801.5  I  1994.5  f  -2G2S.1  I  -3994.6  (  2027.5  !  2058.9  I 

H  I  >1812.4  I  5986.1  I  1994.5  I  -2629.1  t  -182.1  f  -3367.0  I  24201.4  ( 

2  V  I  1907.2  i  5897.3  I  >118.0  I  3297.9  I  -1888.2  I  -8295.2  I  NB1.5  I 

H  I  1991.6  I  -800.2  I  118.0  I  >3297.9  I  -210S.8  I  3896.0  I  4126.0  I 

N  (  1807.2  I  5997.3  I  118.0  i  -3297.9  I  -1925.2  I  -2899.4  I  25844.1  I 


e 

i 

a 

i 

Q 

O 

o 

Q 

O 


) 


>m^i 
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ACTUATOR:  HOGu  -  Aoes  -  6  IN  STROKE 

ACTUATOR  PIVOT  POSITION! 

ACTUATOR  fl  (  OiOO»  O.OO! 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  #3  (18.00,  0.00) 


!  PL!  !  PL2  !  PL3 

CASE  !  (IN)  i  (IN!  1  (IN! 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


REF  ?MT  !  THETA 
X  i  Y  !  {RACI¬ 


STS  PCS 
X  !  Y 


P  !  i  1.2238  i  5.0448  i  5.9410  i  3.453S  !  15.8786  i  0.1745  i  3.1500  i  17.8000  i 

P  2  !  2.47SS  !  2.2223  f  3.2337  !  9.3033  i  15.87GS  !  0.1745  f  3.0000  i  17.6000  f 

P  3  f  5.S46S  i  1.2450  i  2.2800  f  15.9C3S  i  15.87SS  i  0.1745  I  15.6000  i  17.8000  ! 


) 

o 


) 

o 

o 

o 

o 

o 


c  © 

C  €> 


o 


o 


0 


o 


f  • 

•  • 

(  y 

i  j 

i  y 
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ACTUATOR:  "GOG  -  A085  -  6  IN  STROKE 


ACTUATOR  PIVGT  POSITION: 

ACTUATOR  #1  (  O.OO.  0.00) 
ACTUATOR  12  UZ.OCr  0.00) 
ACTUATOR  13  ( 18.00'  0.00) 


TEST  STAGE 

length:  g.ooo 

HEIGHT*.  1.750 
ACTLATCR  EXTENSION.'  5.000 


i  fxi  ; 

FYl  i 

1  FX2  i 

:  FY2  ! 

FRX  ! 

FRY  i 

HOMEMT 

'CIS 

;  .(LBS)  1 

(L3S)  ! 

i  (LBS)  i 

(LBS!  ! 

(LBS)  : 

(L3S)  ! 

(IN-LBS! 

V 

?  <  4  l 

1  U  *  «.  *  4  1 

6174.2  ! 

!  -1408.1  i 

2S84.5  i 

2213.2  ! 

-S158.8  ! 

13452.7 

H 

!  21S7.S  : 

284.3 

i  1408.1  1 

1  -2384.5  1 

-3575.3  I 

2663. 7  ! 

3550.1 

K 

!  -811. I  ! 

6174.2 

1  1408.1  ! 

!  -2384.5  1 

-5S6.9  1 

-3183.7  i 

28431.7 

V 

1  1186.3  ! 

6032.1  1 

i  -533.2  ! 

!  3256.8  ! 

-653.7  ! 

-3288.7  ! 

7182.4 

H 

1  2355. S  ! 

-463.5 

1  533.2  : 

:  -3256.8  ! 

-2883.1  i 

3720.2  : 

3323.4 

!1 

!  1186.3  1 

6032.1 

I  533.2  ! 

[  -3256.8  : 

-1720.0  ! 

-2775.5  ! 

24856.2 

V 

!  3305. 7  1 

5323.3 

!  742.1  : 

!  3215.5  : 

-4047.8  ! 

-6536.7  ! 

-760.2 

H 

1  1730.7  ! 

-1033.3 

!  -742.1  ! 

!  -3215.5  ! 

-1018.5  ! 

4303.3  ! 

4584.0 

V 

!  3305.7  i 

5322.3 

i  -742.1 

1  -3215.5  ! 

-2563.5  ! 

-2107.8  ! 

' 

* k.'.  •  i 

jy-juL-Bi 


HiffiiS  L'N  ItS!  blftlit  UitUBftL  L'UUSffiNfi'W? 

actuator:  kcog  -  aqbs  -  b  in  stroke 


JHit 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  #1  (  0.00,  0.00) 
ACTUATOR  #2  (12.00,  0.00 
ACTUATOR  12  (18.00,  0.00! 


TEST  STAGE 

length:  b.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


CASE/ 

! 

DIR  : 

FXi  1 
(IBS)  ! 

FYi  •! 
(LBS)  i 

FX2  1 
(LBS)  i 

FY2  ! 
(LBS)  ; 

FRX  : 
(L8S!  ( 

FRY  ! 
(LBS)  ! 

nrnrv 

CN-L5S)  , 

< 

V  1 

:  -1B70.S  ! 

5S3S.B  i 

-1S04.S  1 

!  2BS4.7  : 

3775. S  i 

-8834.3  i 

13452.7  i 

H  1 

2085.5  ! 

856.9  1 

1S04.S  1 

I  -2SS4.7  i 

-3990.4  ! 

2037.8  1 

3550.1  I 

K  1 

!  -1870. S  1 

5S3S.S  ! 

1904. S  i 

-2SS4.7  i 

-34.0  i 

-3244.9  ! 

28431.7  ! 

2 

V  ! 

121.4  1 

8148. 6  ! 

-10S0.8  ! 

3114.8  ! 

965.2  ! 

-9281. 1  I 

7162.4  1 

H  1 

2400. S  ! 

-47.4  ! 

10S0.6  ! 

-3114.6  ; 

-3491.2  1 

3162.0  ! 

2323.4  1 

n  : 

121.4  ! 

8146.8  I 

10SC.S  i 

-3114.8  ! 

-1211.9  1 

-3032.0  : 

24838. Z  1 

3 

V  ! 

2331.1  ! 

5818.4  ! 

172.5  ! 

3295.5  ! 

-2503.8  ! 

-Q'M  q  ' 

-750.2  : 

h  •: 

'  1S23.S  ! 

-771.0  i 

-172.3  1 

-32S5.5  ! 

-1751.3  i 

4085.5  1 

4584.0  ! 

«  : 

2331.1  » 

5816.4  1 

-172.3  i 

-3293.5  ! 

-2158.8  I 

-2520.9  ! 

21130.1  ! 

OS'® 

©SMS 


VfllfXMOO 
>  II  II  H  I! 

o  ujwro 
pio** 
l-HZ 
toy<xi-»- 
ZHOU 
OliJtO<X<I 
hJh 
K  QU.U. 
<CUi  GO 

zuz 
UJ  a  ozz 

ZhMOO 

*  Zt~K 
f—UJ »— •  •— * 
tttoh-wcft 
oiuxoo 

h-KUl£L£L 

<L 

D 

»- 

G 
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WTE 


MTE  :  03-AUW1 


KIHEHATICS  OF  THE  TWEE  ACTUATOR  SYSTEM 
ACTUATOR.*  H006  -  AOB  -  I  IK  STROKE 


ACTUATOR  PIVOT  POSITIOH: 
ACTUATOR  ft  (  O.OOr  0.00) 
ACTUATOR  12  (12.00*  0.00) 
ACTUATOR  13  (11.00*  0.00) 


TEST  STAB 

lembth:  i.ooo 

HEIGHT:  1.750 
ACTUR7SS  EXTSSISS:  5.090 


I  FL1  I  P12  I  H3  I  REF  FKT  I  THETA  I  STB  POO  I 
CASE  I  (IK)  I  (IH)  I  (IK)  I  X  I  Y  I  (RAO)  I  X  I  T  I 


P  1  I  2.1899  I  5.9409  I  4.4515  I  4.1015  I  15.5555  I  -0.3451  I  4.7000  I  17.0000  i 
P  2  I  5.8690  i  2.8007  I  0.1851  I  13.4015  I  15.5555  I  -0.3481  I  14.0000  I  17.1000  I 


-74- 
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DATE  :  03-AUW1 


FORCES  ON  TEST  STME  (LOCAL  C00R1INATE5) 

actuator:  mbs  -  mis  - «  in  stupe 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  ft  (  O.OO,  0.10) 
ACTUATOR  «2  02.00,  0.00) 
ACttini  i3  Oi.oo, «.««) 


TEST  STARE 

lewtm:  i.ooo 

(EIGHT:  1.750 
ACTUATOR  STSSISS: 


i  m  i  m  i  ns  i  to  i  fix  i  fit  i 

CA5E/IIR  I  (US)  I  ILK)  I  (LIS)  I  (LM)  I  (LK)  I  (US)  I 


1  V  I  -3501.5  I  9197.2  I  -2794.4  I  1117.1  !  1235.9  I  -7014.7  I 

H  I  1717.1  I  1197.2  I  2794.4  I  -1117.6  t  -4471.9  (  160.4  I 

H  I  -3901.9  I  9197.2  I  Z794.4  I  -1117.6  I  747.1  I  -3379.8  I 

2  V  I  -700.6  I  6229.1  I  -1467.7  I  2949.6  t  2168.3  I  -9170.7  I 

H  I  2064.9  I  232.4  I  1467.7  I  -2949.6  I  -3992.6  I  2713.2  I 

N  I  -700.6  I  6229.1  I  1467.7  I  -2949.8  I  -797.2  I  -3279.5  I 


5.000 


HOHEXT  I 

(1R-US)  I 


21066.9  I 
1088.3  i 

22391.6  I 

13667.9  I 

3316.9  I 

26134.9  I 


1 


FORCES  ON  TEST  STME  (GLOBAL  COORIINATES) 

actuator:  hoog  -  aob  -  i  in  stkke 


DATE  :  03-AUB-fl 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  II  (  O.OO,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (11.00,  0.00) 


TEST  STAGE 

length:  g.ooo 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  3.000 


ACTUATOR  KINEMATIC  STUDY 
TEST  STAGE  LENGTH  = 


OOQQ 

<£©00 

^Diricico 

*-•  1-1 

11  11  11 

lUWfO 
Q**: 
2 

<E  I —  > — 

1 —  O  (J 

to  <1  <r 

•— i 

Q  U.  Ll 
OO 


OZI 
«00 
tO  >-t 
ZKh 

UJH  W 

H-  to  to 
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UiO.il. 
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KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 

actuates:  hccg  -  aobs  -  s  in  strcxe 


SATE  :  30-JUL-Si 


ACTUATE  PIMOT  PQSITICNI 
ACTuATCR  11  (  0,00.  0.00) 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  13  (18.00,  0.00) 


TEST  STAGE 

length:  s.ooo 
height:  :.750 
ACTUATES  EXTENSION:  5.010 


:  pli  i  PL2  ; 

ASE  i  (IN)  i  (IN)  i 


P  1  I  0.0351  f  3.S52S  ! 

P  2  :  2.2567  ;  1.375S  I 

P  3  !  5.E743  I  C.862S  ! 


FL3  !  RE.7  PNT 
(IN)  :  X  :  Y 


5.6S90  I  4.5SS5  I  15.9555  ! 
3.7356  i  9. 5355  I  15.9555  ! 
2.3763  «  16.2983  i  15.9555  I 


THETA  .  STG  PCS 
(RAC!  !  X  !  Y  ! 


0.3491  i  4.0000  i  17.5000  : 
0.3491  !  S.OCOO  i  17.6000  ! 
0.3*91  i  15.7000  '  17.5000  ! 


\ 


FORCES  ON  TEST  STAGE  (LOCAL  COORDINATES) 
ACTL’A'CS;  KOCG  -  A085  -  6  IN  STROKE 


BATE  I  30-JUL-B1 


ACTUATOR  PIVOT  POSI'IOK: 


TEST  STAGE 


ACTUATOR  #1  (  0.00. 

0.00! 

length:  b.ooo 

ACTUATOR  12  (12.00, 

0.00) 

HEIGHT:  1.750 

ACTUATOR  #3  (18.00, 

0.00! 

ACTUATOR  EXtENSICN:  5.000 

\ 

CASE/DIR  : 

fxi  : 

(LES!  i 

fy:  ! 
css;  i 

FX2  ! 
(LBS!  i 

FY2  ! 
(LBS)  1 

FRX  : 
(LBS!  i 

fljy  • 
CBS!  i 

MOMENT  ! 
(IN-LBS)  i 

1  V  1 

S67.3  i 

6142.0  i 

-682.2  I 

3228.7  ! 

14.8  ! 

-9370.7  i 

8765.3  ! 

H  1 

2308.1  ! 

-250.8  ! 

682.2  1 

:  -3228.7  I 

-2980.3  i 

347S.5  ! 

3700.8  ! 

K  ! 

6S7.3  ; 

6142.0  i 

682.2  : 

-3228.7  1 

-1345.5  1 

-2S13.3  ; 

25750.6  1 

2  V  i 

2351.7  ! 

5656. S  ! 

103.8  I 

3288.4  : 

-2455.5  i 

-8S54.S  : 

2777.6  ! 

H  ! 

226S.0  i 

-S42.S  : 

-103.8  ! 

-3258.4  ! 

-2164.2  ! 

4241.3  i 

3275.1  i 

u  : 

2351.7  ! 

5656. S  ! 

-103.8  ! 

!  -32S3.4  i 

-2247.8  ! 

-2258.2  ! 

22S31.1  i 

3  V  i 

<3*4.8  i 

4515.3  : 

1325. S  i 

!  3020.2  ! 

-5674.7  . 

-75*0.0  ; 

-5*31.3  ! 

M  ! 

1485. S  ! 

-142S.3  ; 

-132S.S  ! 

1  -3020.2  ; 

-157.0  1 

4446.5  I 

*457.3  : 

r  . 

4344.  £•  I 

451S.3  I 

-132S.S 

i  -3020. 2  : 

-3014. S  i 

-1425.7  ! 

17344.0  ! 

I 


) 

Q 

O 

o 


6 


d 


* 


0 

0 

o 


0 

J 

J 

.) 
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FORCES  3.M  ?EST  STftaE  (GLC5AL  COORDINATES) 

actuator:  xogg  -  agbs  -  b  in  stroke 


ACTE 

ITSS  pivot  position: 

ACTL'ATCR  *1 

(  0*00. 

o.co; 

ACTUATOR  12 

(12.00, 

o.oo; 

ACTUATOR  13  (13.00, 

A  AAV 

1 » VV  / 

fx:  : 

FY I 

FX2 

‘ASE/SIR 

(L53!  ; 

(L33) 

(_E5) 

1  0 

-1473. B  ! 

53SS.8 

-1745.3 

H 

2254.7  i 

553.8 

1745.3 

n 

-1473.B  ! 

58SE.S 

1745.3 

2  V 

275.2  ! 

6112.5 

-1030.6 

K 

2453.7  i 

-11C. 3 

1030. S 

v 

275.2  : 

81 19. E 

1030.6 

3  V 

2535. S  : 

5733.3 

216.7 

H 

1685.0  : 

-834. S 

-216.7 

¥ 

2523. S  ! 

5733.3 

-216.7 

DATE  :  30-JUL-Si 


TEST  STAGE 

IBiGT*.:  2,000 
hEIG-T:  1. 750 


ATLATCR 

extene: on: 

5.000 

FY2  ! 

FRX 

;  rcy  , 

(L53) 

(L5S5 

:  (_33)  ; 

(IN-iPS) 

2800.7  ! 

3218.2 

;  -8800. 5  1 

3765.8 

-2800.7  1 

-4000.0 

:  2246.2  ! 

3700. 2 

-28CC.7  ! 

-271.7 

!  -21EE, 1  | 

25750.2 

3135.0  1 

755.4 

!  -5254.7  ! 

2777.3 

-3133.0  ; 

3484.3 

;  3245.3  ; 

3272.1 

-3135.0  i 

-1305.7 

<  -2254. 3  : 

22S31.1 

3222.5  i 

-2753.6 

i  -S02S.2  : 

-5431.5 

-3222.5  : 

-1662.3 

'  4127.4  : 

4427.2 

-3252.2  i 

-2320.2 

:  -2440.4  i 

17344.0 

to  li)  o 


WTE 


KINEMATICS  OF  TIE  THREE  ACTUATOR  OYSTER 

actuator:  hooo  -  aoss  -  s  in  stwe 


sate  :  owue-ei 


actuator  pivot  position:  test  stage 

actuator  «i  ( o.oo,  o.oo)  length:  s.ooo 

ACTUATOR  12  (12.00,  0.00)  HEIGHT:  1.790 

ACTUATOR  03  (10.00*  0.00)  ACTUATOR  EXTENSION!  9.000 


I  PL1  I  PL2  t  PL3  I  IEFPNT  I  TICTA  (  STB  POS  I 
CAGE  I  (IN)  I  (IN)  I  (IN)  I  X  I  Y  I  (RAN)  I  X  I  Y  I 

P  1  I  4.3982  I  9.9039  I  3.2369  I  9.8791  (  16.2994  I  -0.6961  I  7.0000  I  17.6000  I 
P  2  I  9.9887  I  4.3671  I  0.9621  I  10.8791  I  16.2994  I  -0.6961  I  12.0000  I  17.8000  I 


FORCES  ON  TEST  STAGE  (LOCAL  COORDINATES)  DATE  fci-AUG-Bl 

ACTUATOR:  HOOG  -  A089  -  6  IN  STROKE 


ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  O.OO.  0.00) 
ACTUATOR  12  (12.00.  0.00) 
ACTUATOR  13  (18.00.  0.00) 


TEST  STAGE 

length:  b.ooo 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  9.000 


I  FX1  1  FY1  I  FX2  I  FY2  I  FRX  I  FRY  I  HOHENT 

CASE/DIR  I  (LBS)  I  (LBS)  I  (LBS)  I  (LBS)  I  (LBS)  f  (LBS)  I  (IN-LBS) 


1  V  I  -4980.7  I  4292.3  I  -3179.0  I  889.3  I  7799.7  I  -9177.6  I  23800.3 

H  I  1393.6  I  1487.3  I  3179.0  I  -989.3  )  -4972.7  I  -602.0  I  -BB4.4 

N  I  -4980.7  I  4292.3  t  3179.0  I  -889.3  I  1401.6  f  -3406.9  I  17989.9 

2  V  (  -3392.9  I  9283.2  I  -2817.1  I  1718.7  I  6209.6  I  -7001.8  I  21960.9 

H  I  1711.8  I  1099.2  I  2817.1  I  -1718.7  I  -4929.0  I  B19.4  I  927.9 

N  I  -3392.9  I  9283.2  I  2817.1  I  -1718.7  I  979.4  I  -3964.6  I  22012.9 


>83 


NLIUHIUK.  huuu - lit  SI Klit 

ACTUATOR  PIVOT  WSITIffli: 

ACTUATOR  II  (  0.00,  0.00) 
ACTUATOR  «2  (12.00,  0.00) 
ACTUATOR  13  (11.00*  0.00) 


I  FX1  i  FY1  I  FX2  I 

CASE/OIR  I  UBS)  t  (LBS)  !  (LIS)  i 


1  V  I  -750.0  I  6232.4  I  -1186.2  I 

H  I  2023.6  I  243.5  I  1*6.2  I 

H  I  -750.0  I  1232.4  I  1K6.2  I 

2  V  I  757.2  I  6227.8  I  -1053.3  ! 

H  I  2017.8  I  -258.3  I  1053.3  ) 

H  t  787.2  I  6227.8  I  1053.3  I 


TEST  STAGE 

lenbth:  6.000 

K16HT:  1.750 
ACTUATOR  EXTENSION:  5.000 


FY2  I  FRX  I  FRY  I  MOMENT  I 
(US)  I  (US)  I  (US)  (  (IN-LBS)  I 


2721.6  i  2616.2  I  -8854.1  I  23000.3  t 
-2721.6  I  -3889.8  I  2478.1  I  -804.4  i 
-2721.6  I  -1116.2  I  -3510.8  I  17985.5  I 
3127.4  I  256.1  I  -8355.2  I  21580.5  I 
-3127.4  I  -3071.2  I  3385.7  I  527.9  I 
-3127.4  I  -1850.5  I  -3100.4  I  22012.5  I 
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KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 

actuator:  sms  -  acbs  -  6  in  stroke 


) 


DATE  :  30-JLL-31 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  11  (  O.OO.  0.00! 
ACTUATOR  12  UZ.OC.  0.00! 
ACTUATOR  #3  (18.00.  0.00! 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


CASE  !  (IN! 


REF  PNT  !  THETA  I 
X  !  V  I  (RAD)  I 


STG  PDS  ! 
X  !  Y  I 


P  1  !  0.S8ZI  i  1.986!  f  5. 9587  !  7.124S  1  18.25S4  !  0.6381  !  8.0000  !  17.S000  ! 

P  2  !  2.1830  !  0.7863  !  4.8336  !  10.124S  !  1E.25S4  f  0.8981  :  3.0000  !  17.3000  ! 

P  3  !  3.3210  i  0.23S0  i  4.2254  !  13.1243  :  1S.25S4  i  0.6SS1  :  12.0000  I  17.3000  ; 
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FORCES  ON  TEST  STAGE  (GLOBAL  COORDINATES) 
ACTUATOR:  KQQG  -  Aces  -  6  IN  STROKE 


CATE  :  30-jUI 


ACTUATOR  PIVOT  POSITION! 
ACniATCR  #1  (  O.OO,  0.00) 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  13  C8.CC,  0.00! 


TEST  STAGE 

length:  s.ooo 

HEIGHT!  1.750 
ACTUATOR  EXTENSION! 


!  FXi  !  FY1  ! 

CASi/BIR  (LBS)  !  (LBS)  ! 


FX2  !  FY2  I  FAX  !  FRY  i 
(LBS!  !  (LBS!  !  (LBS!  i  (LBS)  i 


1  V  !  -423.8  !  8078.4  !  -1407.S 


2530.4 
-423.8 

852. 1 

2504.4 

855.1 

1715.5 

2256.5 

1715.5 


178.4 

6078.4 
6064. E 
-272.2 

6064. 5 

5222.1 
-655.2 

5322. 1 


1407.6 

1407.6 

-967.4 

387.4 

557.4 
-462.3 

462.3 

462.2 


I  2384.8  ! 
!  -2284. 8  ! 
!  -2984.8  I 
!  3155.0  i 
!  -3155.0  i 
!  -3155.0  ) 
!  3267.4  ; 

-32S7.4  ; 
‘  -3267.4  ! 


1831.3  i 
•3837. S  ! 
-383.8  I 

308.3  ! 
•3471.8  ! 
■1S2S.5  ! 
-1257.0  I 
-2721.4  ! 
-2182. S  : 


-S063.1  I 
2808.3  1 
-3023.6  I 
-S213.S  ! 

3427.2  ! 
-2303. 6  ! 
-2185.4  ! 

3323.3  ! 
-2634. 7  ! 


•81 


5.000 


Ktsc  ! 

IN-LSS)  •: 


-2527.5  I 
2972. 5  ' 
19560.2 
-6407.5  ! 
2362.3  I 
16322.1  : 
■10130.7  ! 
3303. 2  : 
12782.0  . 
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MTf  :  OWUMl 


HAEMATICS  9F  THE  TWEE  ACTUATW  SYSTEM 
ACTUATOR:  HOOB  -  AOB  -  I  IM  TT20E 

ACTUATOR  MOOT  POSITION: 

ACTUATOR  It  (  0.00,  0.90) 
ACTUATOR  n  (12.00,  0.00) 
ACTUATOR  13  (11.00,  0.00) 


I  fU  I  HI  I  fU  ( 

case  i  (in)  i  (tN)  i  (id  i 


1  I  3.2701  !  3.8200  t  2.7S7Z  I 

2  I  3.9777  (  3.2293  I  14323  i 


TEST  STAGE 

ixmbth:  s.ooo 

WIGHT:  1.730 

actuator  extension:  s.ooo 


KFNT  I  THETA  I  STS  NS  I 
X  I  Y  I  (BAR)  I  X  I  Y  ! 


1.1394  )  18.4731  i  -0.1727  I  1.2000  I  17.6000  I 
fl.1394  I  11.4731  I  -0.1727  I  10.3000  I  17.0000  I 


P 
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POKES  ON  TEST  STAGE  (LOCAL  COORDINATES) 
ACTUATW:  HODS  -  MM3  -  6  IN  STROK 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  O.OO,  O.OO) 
KTUATOR  12  (12.00,  0.00) 
ACTUATOR  93  (18.00,  0.00) 


I  FX1  I  FY1  I  FX2  I 

CASE/SIR  I  (LBS)  I  (LBS)  I  (LBS)  i 


1  V  I  -5019.4  I  3798.1  I  -3275.3  I 

U  I  1207.1  I  1599.3  I  3275.3  I 

H  I  -5019.4  I  3713.1  I  3275.3  I 

2  M  I  -4589.0  I  4321.6  1  -3201.9  I 

H  I  1375.6  I  1454.6  !  3201.9  t 

H  \  -4359.0  1  4321.6  I  3201.9  I 


SATE  :  03-AU6-61 


TEST  STAC 

length:  6.oco 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


FY2  I  FRX  I  PRY  I  HOOT  I 
(LBS)  I  (LIS)  I  (LBS)  I  (IN-LBS)  I 


401.3  I  8294.9  I  -41B9.4  I  2467S.7  I 

-401.3  1  -4482.7  I  -1190.3  I  -1M2.4  I 

-401.3  i  1743.9  I  -3306.9  I  15619.9  I 

796. B  i  7770.9  I  -5120.3  I  24167.3  I 

-796.8  I  -4577.7  I  -633.8  I  -1250.9  I 

-798.8  I  1367.1  I  -3522.B  i  17733.4  I 


FORCES  ON  TEST  STAGE  (GLOBAL  COGRSUMTES) 

actuator:  noe  -  «ce  -  s  in  stkxe 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  11  (  O.OO,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (11.00,  0.00) 


I  FX1  I  FY1  (  FX2  I  FY2  i 

CASE/HR  I  (US)  t  (LIS)  I  (LBS)  I  (LBS)  I 

1  V  I  -324.3  I  6280.1  I  -1738.1  I  27S7.1  I 

H  I  2001.2  I  103.4  1  1738.1  t  -2767.1  t 

N  f  -324.3  I  6280.1  I  1798.1  I  -2767.1  I 

2  V  I  373.7  I  8277.9  !  -1446.2  I  2S66.2  I 

H  I  1536.6  I  -119.0  I  1446.2  t  -2966.2  I 

H  I  373.7  I  6277.9  I  1446.2  I  -29G6.2  I 


SATE  :  03-AUB-61 
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ACTUATOR  KINEMATIC  STUDY 
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:\£wat::5  c?  -e  *hree  actuator  systey 

AZTLATGR:  *’CG  -  Aces  -  6  IN  ST8C<E 

3ate  :  3C-JL--S: 

ac'.a’ip  ?:■■::  posit::*: 

TEST  STAGE 

ACTUATOR  #1  (  C.OO>  0.00 

length:  s.ccc 

AC'-LATGS  #2  (12. CO,  0.00! 

HEIGH*:  1.750 

ACTUA”5  #3  ( 18. 00 r  0.00) 

ACTUATE?  EXTSSSICXI  5.000 

zase  : 

?-l  !  P-2  ; 

CM  :  CM  . 

3_3  : 

(IN)  . 

RE: 

X 

3  V* 

:  y 

THE'A  . 
(RAG!  . 

3"C* 

X 

PCS  ! 

Y  : 

p  i  ; 

1.2223  !  0.S222 

5.2777  i 

8.8403 

:  15.4751  i 

0.8727  : 

7.5000  i 

17.5000  ! 

?  2  : 

2.344E  1  0.4838  ! 

5. 4888  1 

10.3105  ! 

1  18.4751  i 

0.8727  : 

8.0CC0  . 

17,5000  : 

p  2  • 

3.7503  i  C.07S7  I 

4.30S3  ; 

:  12.5*03  ! 

:  18.4751  ! 

r.  c-1?"1  ■ 

11.5000 

17.3000  : 
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~zr.: 3 :«  ^es-t  s'age  (lgca.  ccordina'es) 

A2TL.47C?.:  y.GCG  -  ACS?  -  6  IN  STROKE 

DATE 

I  30-.L.-01 

ac_la-qs  ?::,r  position: 

TEST  STAGE 

a:tla*:r  #:  <  o.oo>  o.oc; 

length: 

s.occ 

AC7L*“Ci  ti  { 12.00 »  O.OC; 

HEIGH"! 

I.75C 

AZTJAUR  12  CE.OO.  O.OC! 

AO'LATGR  EX'E 

NS  I  CM  5.C5C 

CAEE/CIR 

ex:  . 

L3S! 

rv« 

(_3s: 

'X2  : 

L2S) 

rv" 

•  •  im 

(L3S! 

E7X 

L33! 

r?y 

!LSS!  . 

CN-.3SJ 

:  g  : 

4864.7 

354S.2 

I5S5.5 

2888. I 

-S461.3 

-8537.3  ' 

-S023.S 

rt 

I53S.C 

-2051.8 

-15SS.S 

-2538.1 

57. S 

453S.7 

2S1C.C 

¥ 

4864.7 

364E.2 

-15SS.S 

-2852.1 

-32S8.2 

-751 il 

13852.5 

2 

5188.8 

3210.8 

1738.5 

275S.E 

-6535. 2 

-557". 7 

-10852.2 

u 

1325.2 

-2142.2 

-1735,5 

-2733. S 

472.3 

4505. 2 

»11AA  ,r» 

£  :  UN,  «  v 

V 

SIE-I.S 

3212. 8 

-17S8.5 

-2765,5 

-"ICC  1 

-443.5 

<  «  «  «  - 

3  c 

sr-=:  “s 

2447.4 

2131.5 

ryct2 

-7783.5 

-45S3.5 

-1254Z.5 

535.8 

-2155. 4 

-2131.5 

1132.7 

46=8,3 

3125.8 

¥ 

w;  : 

2447.4 

-2131.5 

-25* £.2 

-3523.3 

71.5 

8732.2 

-97- 
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FCSHES  OK  ~E5T  STAGE  (3LCBA.  CGORUINATES) 
ACTUATCS:  “COG  -  A085  -  6  IK  STROKE 


I 


GATE 


3C-,'. 


-ei 


c 

( 

fe 

r 

C  ■ 

c 


ACT.A'CR  PI  VC7 

■  °3S!TIGM 

TEST  3*A3Z 

AC*'jA’2R 

#1  (  0.00,  0.00) 

_en:’h:  s. coo 

AE^JATCS 

*2  (12.00,  0.00! 

wT-%-;  !.73C 

A"T.A”CS 

4“  MQ  AA  /a  AA  t 

■  «■  i  *C « v» i  • .  v*«  « 

;ase/::r 

lbs;  : 

”V  • 

(L3S! 

FX2 

(Lea! 

fv2 
(LBS ) 

rirX 

L3s; 

FRV 

LBS! 

;  cn-w3s;  ; 

1  v  : 

331.5  i 

6072.3 

-1186.1 

3075.5 

854.3 

-2151.7 

!  -SC22.2  i 

H  ! 

2560 .  ! 

-13S.8 

1185.1 

-3075.5 

!  -3)47.1 

3212.3 

i  2610.0  : 

w 

331.5  1 

6072.3 

1186.1 

-2072. 5 

!  -1517.7 

-2S22.3 

132S2.5  ’ 

2  . 

874.4  ! 

3037.1 

-963.5 

2158.2 

82.1 

_CT-  T 

!  -108E2.2 

hi 

24S2.2  : 

-361.2 

253.5 

-3156.2 

;  -3457.1 

3517.4 

2700 .0  ‘ 

Y 

874.4  : 

6037.1 

253.5 

-3156.2 

-1837.2 

-255C.E 

:  12002.5 

•»  :•  i 
^  V  ; 

1780. 4 

5205.4 

-552.7 

3252.2 

-1200.3 

-2157.2 

•  -128*2.2 

* 

22S5.3  . 

-675.2 

552.7 

-2252.2 

-2525.0 

3S27.5 

;  2122.8 

V 

172-:.;  : 

5205. 4 

552,7 

-2252.2 

A"HA  4 

-26:2.2 

8722.2  : 
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IIJBMTICS  OF  TIC  THREE  ACTUATOR  SYSTEM 
ACTUATOR:  WOO  -  ASW  -  6  IN  STEVE 


Mil  :  03-AUB-il 


ACTUATOR  PIVOT  POSITION: 
ACTUATE)  II  (  1.00.  0.00) 
ACTUATOR  n  (12.00.  0.00) 
ACTUATOR  13  (11.00.  0.00) 


TEST  STAGE 

length:  g.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION: 


I  PLl  I  PL2  I  P13  I  KF  PNT  I  TICTA  I 
CASE  I  (IN)  I  (IN)  I  (IN)  I  X  I  I  I  (GAB)  I 


3.000 

STB  POS  I 
X  I  Y  I 


P  1  I  3.8020  I  3.S9S8  I  4.9393  I  8.E961  I  1I.37GG  i  -0.1743  I  9.0000  I  20.3000  I 

P  2  I  0.7123  I  0.9193  I  0.0191  I  8.63S1  I  13.1768  I  -0.1743  I  9.0000  I  14.9000  I 


RICES  ON  TEST  STAGE  OKA.  COOMIMTES) 
ftCTUATOS:  NODS  -  MM3  -  I  IN  STICK 

ACTUATOR  PIVOT  POSITION: 

ACTUATW  II  (  0.00,  0.00) 
KTUATOi  02  (12.00,  0.00) 
•CTUiTOt  03  (18.00,  0.00) 


I  FX1  I  FY1  I  FX2  I 

CASE/119  I  (US)  I  (US)  I  (US)  ) 


1  V  I  -1159.7  I  6187.1  I  -1611.7  I 

H  I  1943.5  I  387.4  I  1811.7  t 

N  I  -1163,7  I  8187.1  I  1618.7  I 

2  V  I  -1143.3  I  5335.3  I  -1563.5  I 

N  I  2338.6  I  500.9  I  1963.5  I 

N  I  -1143.3  I  SS3B.5  I  1363.5  I 


MTE  :  03-MJ6-01 


TEST  STME 

ldgtk:  o.ooo 

KIWT:  1.790 
ACTUATOt  EXTENSION:  3.000 


H7  I  FK  I  FIT  I  nOT  I 
(US)  I  (US)  I  (US)  I  (IN-US)  t 


2875.7  I  2780.4  I  -9062.0  t  14013.7  I 
-2075.7  I  -3582.2  I  2500.3  I  3485.3  I 
-2875.7  I  -443.1  I  -3311.3  I  20402,3  I 
2647.0  )  3113.4  I  -0514.3  I  13314.7  ( 
-2647.8  l  -4563.2  I  2140.3  I  1450.1  I 
-2647.8  I  -125.7  I  -2298.7  I  24300.1  I 


RHCE3  m  TEST  STME  fBLQML  G80BDMTES) 
«1WT«:  HOG  MB  -  I  IN  STKEE 


MTE  :  CS-flB-Sl 


ttlUATOI  PIVOT  mmon: 
*CTlttT«  9!  (  0.00.  0.08) 
MTWTOR  n  (12.00.  0.00) 
OCTUMOI  13  (11.00.  0.00) 


TEST  OT *C 

length:  o.ooo 

iClGKT!  1.750 
OCTIMTO  EXTDGIQN:  3.000 


I  FX1  I  FYt  I  FX2  I  r.2  FKX  I  FRY  I  KKNT  I 

CASE/Ilt  I  (LAS)  I  (US)  I  (US)  I  (US)  I  (US)  I  (US)  I  (IIKIS)  t 


1  V  I  -77.3  I 

H  I  1S77.0  I 

H  I  -77.3  ) 

2  V  I  -33.6  i 

H  f  2147.1  ( 

N  I  -33.6  I 


0236.2  I  -1004.0  I 
24.3  I  1094.1  I 
128.2  I  1094.1  f 
0043.0  I  -1479.8  ( 
41.9  I  1479.1  i 
1043.0  I  1479.8  I 


3113.1  I  1172.3  I 
-3113.1  I  -3072.3  I 
-3113.1  I  -1017.2  I 
2949.8  I  1373.3  f 
-2943.6  (  -4127.0  i 
-2343.6  I  -1394.2  I 


-9403.3  I  14813.7  I 
3096.8  I  3433.3  1 
-3113.1  I  28402.3  I 
-8994.6  f  15314.7  t 
2907.7  I  1430.1  I 
-3093.4  I  24308.1  I 


FQSGES  QX  TEE’  STAGE  (LOCAL  COCSSINATES) 

agtua'cr:  •ocG  -  a:s?  -  s  in  stoe 

sate  ;  3; 

ACTLATG35  ’IVC*  PCSriCX: 

TEE'  STA3E 

actuals  i:  ;  o.oc;  o.oc; 

.ENG*-.:  s. 

ArUATCR  #2  'iZ.OCr  o.oc-: 

he:::-.": 

a:*jatcr  12  :*3.oo,  o.oc: 

actjt:*  irixs:: 

7?  T*'  ”  “ 


W.1- 
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r:^£2  2.N  rES"  S’A3£  (GL25A.  CCOWIXATES)  DA'£  I  30-JL-8: 


acea'cs:  yes  -  acbs  -  s  ia  stroke 

ac'caes  rivC’  pceeicn: 

TEiT  5TA3E 

ACT'X2r  1!  (  0.00.  0.00) 

-ERG'S l  3.0CC 

A”LAT:.*  #2  (12.00.  c.oc: 

he:x:  1.75? 

a:*x:r  #e  ce.cor  c.oc; 

AEiXCS  EX'E.VEIC'.l  5.01 

case/: :s  ; 

?XI 

{J3J  : 

2y4 

(.35) 

rxz 

L3S) 

rv7 

(LBS)  ; 

mX 

(LBS) 

(LBS)  . 

yi^E.VT 

(IK-L3SI 

1  V  1 

108. S  : 

52SS.3 

-941.! 

3153.0  i 

232.  S 

713E.7 

H  ! 

205E.S 

-35.5 

541. 1 

'3152. C  ! 

-3CCC.E 

3138.5  1 

4^27.0 

¥  * 

108.2  ' 

5265. 2> 

941.1 

-31S3.0  ! 

-104E.4 

-3105.3 

25545.2 

\ 

131. s  : 

S011.S 

-122S.E 

2CS2.3  ' 

1CE5.2 

-8074. 2  : 

714C.4 

V 

27:2.5  : 

-55,5 

<225,5 

-3052.2  : 

-3E4B.4 

*V7«  -  • 

2227.2 

» 

«■<  *•  , 

r**  <  r 
Cv**«« 

1225 .5 

-3052. 3  : 

_  <  *  ^  •  f* 

“2:45,5 

24135.2 
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KINEMATICS  OF  THE  TMREE  ACTUATOR  SYSTEM 
OATH!  MOU  -  MBS  -  S  IN  STtfltE 


ACTUATOR  PIVOT  POSITIH!  TEST  STAGE 

ACTUATW  ft  (  0.00.  0.00)  LENGTH:  8.000 

ACTUATOR  12  (12.00.  0.00)  HEIGHT:  1.730 

ACTUATOR  13  <18.00.  0.00)  OATH  EXTENSION!  3.000 


I  PU  I  PL2  I  PL3  I  KF  PNT  !  THETA  I  STB  PCS  I 
CASE  I  (IN)  I  (IN)  I  (IN)  I  X  1  Y  I  (BAD)  I  X  I  Y  I 

P  1  1  3.7414  I  3. BIS  I  4.1893  I  1.4013  I  11.0333  I  <0.3431  I  9.0000  I  19.7000  t 

P  2  I  1.3903  1  1.89B9  (  0.0181  I  8.4013  (  13.4333  I  <0.3431  I  9.0000  I  13.1000  I 


o 

'J 

o 

o 

© 

I 

o 

o 

o 
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FORCES  ON  TEST  STAGE  (LOCAL  COQWIKATES) 

actuator:  woe  -  mbs  -  i  ii  snou 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  O.OO.  0.001 
ACTUATOR  #2  (12.00.  0.00) 
ACTUATOR  03  (18.00.  0.00) 


CASE/BIR  I 


FX1  I  FY1  I  FX2  I  FY2 

(LBS)  I  (US)  1  (LBS)  I  (US) 


BATE  :  03-AUB-81 


TEST  STAGE 

length;  b.000 
HEISHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


FIX  I  FRY  I  MOMENT  I 
(US)  I  (LBS)  I  (IK-LBS)  I 


I  -2270.3  I  5172.6  I  -2135.6  I  2463.6  I  4466.5  I  -6336.2  I  18043.1  I 

f  1845. B  I  713.7  I  2185.6  !  -2463.6  t  -4041.3  I  1743.9  I  2458.7  ! 

I  -2270.3  I  5872.6  I  2135.6  I  -2463.6  I  75.3  I  -3406.3  I  25140.3  ! 

1  -2226.0  I  5677.2  I  -2475.7  (  2181.3  I  4701.7  I  -7853.1  I  18713.3  I 

i  2350.5  f  321.6  I  2475.7  I  -2181.3  I  -4626.2  f  1260.3  I  884.7  I 

I  -2226.0  1  5877.2  I  2475.7  I  -2181.3  I  -243.7  I  -3435.3  I  23140.4  I 


)  I 
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FORCES  OH  TEST  STAGE  ( GLOBAL  COORDINATES) 
ACTUATOR:  N006  -  A0B5  -  6  IN  STRIKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  fl  (  O.W.  O.OOS 
ACTUATOR  12  (12.00.  0.00) 
ACTUATOR  #3  (18.00.  0.00) 


1 

FX1  1 

FY1 

1 

FX2 

CASE/DIR  1 

(LBS)  1 

(LBS) 

! 

(LBS) 

1  V 

1 

-129.4  1 

8289.1 

1 

-1220.6 

H 

1 

1978.6  1 

39.4 

1 

1220.8 

N 

1 

-129.4  1 

6299.1 

1 

1220.6 

2  M 

1 

-190.1  1 

6096.2 

1 

-1980.2 

H 

I 

2924.0  i 

S2.1 

1 

1980.2 

H 

1 

-190.1  1 

1096.2 

1 

1980.2 

BATE  :  03-AUM1 


TEST  STAGE 

length:  g.oco 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  5.000 


FY2  I  FRX  I  FRY  I  WENT  I 
(LBS)  I  (LBS)  I  (LBS)  I  (IN-LBS)  I 


3066.0  I  1309.9  I  -9361.1  I  18043.1  I 
-3068.0  I  -3199.1  I  3026.1  I  2493,7  I 
-3066.0  I  -1099.2  I  -3229.1  I  29140.3  I 
2197.1  (  1730.2  I  -8993.2  I  18713.9  I 
-2897.1  (  -4104.1  I  2839.0  I  864.7  I 
-2897.1  I  -1430.1  i  -3199.1  I  23140.4  I 


WTE 


TOR  KINEMATIC  STUDY 
TEST  STAGE  LENGTH  *  6 
EXTENSION  DISTANCE=  5 
POSITION  OF  ACT  #2*12 
POSITION  OF  ACT  #3=1L8 


DATE  :  C3-4UHU 


) 


KINEMATICS  Of  TK  TWEE  ACTUATOR  SYSTEM 
ACTUATOR!  (QOS  -  MB  -  I  IN  SHOE 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  II  (  0.00,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (11.00,  0.00) 


TEST  STAflE 

LflfiTU:  6.000 
HEIGHT:  1.750 
ACTUATOR  EXTENSION:  5.000 


) 


) 


I  IU  I  IU'  I  H3  I  KFPNT 

CASE  I  (IN)  I  (IN)  I  (IN)  (  X  I 


I  THETA  I  STS  PCS  I 
l  (RAO)  I  X  I  T  I 


?  1  !  3.7453  I  S.SSS  !  2.9943  \  7.8711  !  174514  !  -0.6SS1  I  9.0000  I  11.5000  I 

P  2  (  3.1341  I  4.1151  I  1.2327  I  7.1751  I  15.1594  I  -0.B3B1  )  9.0000  I  16.5000  I 


3 

3 


O 


o 

o 

o 

a 

€ 

d 

3 

3 
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HSCES  01  TEST  STAGE  (GU8AL  COOMlMTESt 
ACTUATE;  KXS  -  MB?  -  8  IK  3TMEE 

ACTUATES  PIVOT  POSITIOR: 

ACTUATES  II  (  0.00,  t.J) 
ACTUATES  §1  (12.00,  0.0*) 
ACTUATES  13  (18.00,  0.8M 


(  FX1  I  FY1  f  TO  J 

CASE/PIfi  I  (LBS)  I  (US!  f  (US)  ! 


1  V  (  '127  0  (  6283.2  (  -1502.3  ( 

S  (  1977.3  I  3S.S  (  1380.3  i 

B  1  -127.0  i  3295.2  !  1558.3  i 

2  M  E  -137.2  i  ms.  1  (  -1680.1  I 

K  I  Z1B.9  I  48.2  f  1680.1  ( 

8  !  -137.2  !  S22E.1  I  1680.1  3 


SATE  :  03-AUM1 


TEST  STAGE 

lsbtk:  s.ooo 

JflOilT:  1.750 
ACTUATES  EXTBSIOA:  5.000 


FYI  I  FRX  I  FRY  I  HOOT  I 
(LBS)  f  (LBS)  3  (LBS)  I  (ItHJS)  ! 


2335.1  I  1635.2  !  I  22960.8  J 
-2S35.1  I  -3*56.2  !  2633.3  I  -107.6  ( 
-2335.1  i  -1301 .3  I  -3360.1  f  19987.3  I 
2840.3  !  1817.4  I  -9066.4  I  23391.4  I 
-2840.3  I  -305.1  I  2792.1  f  -710.8  ! 
-2840.3  !  -1542.S  f  -3385.9  I  19071.5  t 


) 

) 


o 


0 


o 


,  I 

o 


I 


MsSWS#® 


( 


) 


( 

l 

1 

* 


o 

c 
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KINEMATICS  OF  DC  TWEE  ACTUATOR  SYSTEM 
ACTUATOR:  MOOS  -  MBS  -  8  IN  STRIKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  <  0.00,  0.00) 
ACTUATOR  12  <12.00,  0.09) 
ACTUATOR  13  <18.00,  0.00) 


SATE  :  03-AUHtl 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  3.000 


I  PH  I  PL2  I  PL3  I  REF  PUT  I  THETA  I  STB  POS  I 
CASE  I  UN)  I  (IN)  I  (IN)  I  X  I  Y  I  (*»?  I  X  I  Y  I 

F  1  !  3. 1823  I  1.8034  I  5,9379  I  10.1248  I  17.3394  I  0.6911  I  9.0000  I  18.7000  t 

P  2  I  1.4918  I  0.0200  I  4.1203  I  10.1248  i  13.4594  i  0.6981  I  9.0000  I  18.8000  I 


© 


) 

) 

m 

6 

> 

O 

€ 

O 

© 

© 


c 


( 

( 

( 


o 

o 

o 

o 

© 

3 
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POKES  OK  TEST  STAGE  (LOCAL  COOROIHATES) 
ACTUATOR:  HOIK  -  A085  -  I  IN  STOKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  O.OO.  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (18.00,  0.00) 


BATE  :  03-AUM1 


TEST  STAGE 

length:  6.000 

HEIBKT:  1.750 
ACTUATOR  EXTENSION:  3.000 


) 

) 

0 


I  FXi  I  FY1  I  FX2  I  FY2  5  FIX  !  FRY  I  MOMENT  i 

CASE/BIR  I  (LBS)  I  (LBS)  I  (US)  I  (LBS)  I  (LIS)  I  (US)  I  (JHJS)  i 


4423.0  I  4239.1  I  1333.3  1  3017.7  I  -3758.3  I  -7306.7  I 
1647.6  I  -1699.0  I  -1333.5  I  -3017.7  I  -312.1  I  0718.7  ! 
4423.0  I  4289.1  I  -1325.3  I  -3017.7  I  -3067.4  I  -1271.4  I 
4383. B  I  4167.0  I  1247.8  I  3093.0  I  -3831.6  f  -7222.9  I 


I  1820.0  i  -1914.7  t  -1247.8  I  -3033.0  I  -372.2  I  4969.7 


-6263.2  I 
3409. B  I 
16517.2  I 
-6319.4  I 
2419.7  I 


H  I  4383.8  (  4167.0  I  -1247.8  I  -3033.0  I  -3136.1  I  -1112.0  I  16177.3  I 


m 

o 


o 


o 

J 

o 

o 


) 

) 

) 
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FORCES  OH  TEST  ST  WE  (GLOBAL  COORDINATES) 
ACTUATOR:  BOOS  -  A085  -  6  IN  STOKE 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  II  (  0.00,  0.00) 
ACTUATOR  12  <12.00,  0.00) 
ACTUATOR  03  <18.00,  0.00) 


I  FX1  f  FY1  I  FX2  I 

CASE/DIR  I  (LBS)  I  (LBS)  I  (LBS)  I 


DATE  :  03-AUW1 


TEST  STAGE 

length:  6.000 

HEIGHT:  1.730 

actuator  extension:  3.000 


FY2  I  Fax  I  FRY  I  WOT  I 
(LBS)  I  (LBS)  I  (LBS)  t  CH-LBS)  I 


1  V  I  831.2  I  6128.6  (  -816.6  I  3170.1  I  283.4  f  -S298.fi  I  -6263.2  I 

H  I  2334.3  I  -242.3  I  S16.6  I  -3170.1  I  -3270. S  I  3412.6  I  3409.3  I 

N  I  631.2  I  6128.6  I  S16.6  I  -3170.1  I  -1347.S  !  -2838.3  I  11317.2  I 

2  V  I  679.7  I  6010.0  I  -1007.9  i  3142.3  (  328.1  I  -9132.3  I  -6319.4  t 

H  i  2S24.9  I  -296.9  (  1007.9  (  -3142.3  (  -3832.6  f  3439.2  f  2419.7  S 

H  I  679.7  I  6010.0  I  1007.9  !  -3142.3  I  -1687.6  i  -2867.7  I  16177.3  I 


WTE 


KINEMATICS  OF  THE  THREE  ACTUATOR  SYSTEM 
ACTUATOR!  N30B  -  MB  -  8  IN  STRIKE 


SATE  :  OS-AUG-81 


) 


4 


ACTUATOR  PIVOT  POSITION:  TEST  STAGE 

ACTUATOR  tl  (  0.00,  0.00)  LENGTH:  6.000 

ACTUATOR  #2  (12.00,  0.00)  HEIGHT:  1.730 

ACTUATOR  «3  (18.00,  0.00)  ACTUATOR  EXTENSION:  3.000 


1 

0 


I  HI  (  nz  I  PL3  (  REF  PUT  I  THETA  (  mm  I  • 

CASE  I  (IN)  I  (IN)  I  (IN)  I  X  I  Y  )  (foil)  I  X  I  Y  I 

P  I  I  3.6713  I  8.0321  i  2.8902  I  7.6394  I  16.8731  I  -0.8727  I  8.0000  I  18.0000  1  © 

P  2  I  3.1063  I  3.2733  I  2.0022  I  7.6394  1  16.0731  I  -0.8727  I  9.0000  I  17.2000  I 


0 

o 

o 

) 


o 

if 

o 

o 

© 

© 

) 


( 
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FORCES  ON  TEST  STME  (LOCAL  COORDINATES) 
ACTUATOR:  NOON  -  MBS  -  3  IN  STROK 

ACTUATOR  PIVOT  POSITION! 

ACTUATOR  fl  (  9.00,  O.OO) 
ACTUATOR  12  (12.00.  0.00) 
ACTUATOR  13  (18.00,  0.00) 


SATE  I  03-AUB-81 


TEST  STAGE 

length:  g.ooo 
kiwt:  1.700 

ACTUATOR  EXTENSION:  3.000 


CAS/DIfi  I 


FX1  (  m  I  FXZ  I  FYZ  (  FK  (  FRY  (  MOMENT  ! 

(LBS)  I  (US)  I  (US)  I  (LBS)  I  (US)  I  (LBS)  i  (DKGS)  I 


V  I  -4876.6  I 
H  i  1247.4  I 
H  I  -4876.6  I 

V  (  -4858.2  i 
H  I  1295.8  I 


3986.0  !  -3249.8  I 

1523.8  I  3249.8  I 

3916.9  i  3249.8  I 

3968.9  I  -3263.0  1 


573.7  I  8126.3  I  -4560.6  I  24480.6  i 

-573.7  I  -4487.2  I  -952.1  I  -1571.7  I 

-573.7  t  1626.8  I  -3413.2  !  18528.6  I 

483.0  !  6122.1  I  -4461.9  I  24641.6  I 


1586.5  i  3263.0  I  -483.0  f  -4358.8  I  -1083.5  I  -1739.5  I 


H  i  -4859.2  (  3968.9  I  3263.0  (  -493.0  t  1598.2  I  -347S.0  I  16179.0  I 


•125 


) 


FORCES  ON  TEST  STAGE  (GLOBAL  C00UIMTE5) 

actuator:  mbs  -  aogs  -  s  in  stroke 


RATE  I  03-AUB-81 


) 


ACTUATOR  PIWT  FOSITIH: 
ACTUATOR  il  (  O.OO,  0.00) 
ACTUATOR  #2  (12.00,  0.00) 
ACTUATOR  13  (16.00,  0.00) 


1 

CASE/IIR  1 

FX1  1 
(LBS)  1 

FY1  1 
(US)  1 

FX2 

(LBS) 

1  V 

1 

-60.3  1 

5296.4  1 

-1649.4 

H 

1 

1970.6  1 

29.2  1 

1649.4 

N 

1 

-60.3  I 

6296.4  1 

1649.4 

2  V 

! 

-63.0  1 

6273.3  ( 

-1719.7 

H 

1 

2048.3  1 

27.1  1 

1719.7 

H 

1 

-63.0  i 

6273.3  1 

1719.7 

TEST  STARE 

length:  i.ooo 
HEIGHT.*  1.790 
ACTUATOR  EXTENSION:  3.000 


FY2  I  FRX  I  FRY  I  MOMENT  I 
(LBS)  t  (LBS)  I  (LBS)  I  (IN-LBS)  I 


2898.2  t  1728.3  I  -8196.6  I  Z4480.B  I 
-2898.2  I  -3620.1  I  2833.0  I  -1971.7  1 
-2898.2  I  -198S.0  t  -3440.2  I  16928.6  I 
2818.9  )  1802.7  I  -9090.0  I  24641.6  I 
-2816.9  1  -3768.0  I  2789.4  I  -1739.9  i 
-2816.9  I  -1638.8  I  -3497.0  I  16179.0  I 


) 

3 


0 

o 


o 


) 

9 

) 

o 

i) 

o 

o 


$ 

) 

) 


) 
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.  KINEMATICS  OF  THE  THREE  ACTUATE  SYSTEM 

actuator:  moos  -  aobs  -  s  in  stmke 

ACTUATOR  PIVOT  POSITION: 

ACTUATOR  fl  (  O.OO.  0.00) 
ACTUATOR  12  (12.00.  0.00) 
ACTUATOR  03  (11.00.  0.00) 


I  PL1  I  PL2  I  PL3  I 

CASE  I  (IN)  I  (IN)  I  (IN)  I 


RATE  :  03-AUM1 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.750 
ACTUATOR  EXTENSION:  3.000 


KF  PNT  t  THETA  I  STD  POS  I 
XI  Y  I  (RAO)  I  X  I  Y  I 


I  0.8777  I  8.0000  I  18.1000  I 
I  0.8727  I  8.0000  I  17.2000  I 


P  1  I  2.7768  I  0.9691  I  3.9673  I  10.3406  I  16.8731 
P  2  I  2.0022  I  0.0963  I  3.1063  I  10.3406  I  16.0731 


MTE  :  03-AUB-81 


.  FOKqjMJEST  8TME  (LOCAL  COMMUTES) 
AcnUnx;  mu  -  Aon  -  s  U  anal 

ACTUATM  NMOT  POSITION: 

ACTUATOR  II  (  0.00,  0.00) 
ACTUATOR  12  (12.00,  0.00) 
ACTUATOR  13  (11.00,  0.00) 


I  FX1  I  FY1  I  FX2  I 

CASE/HR  I  (LBS)  I  (LBS)  I  (LBS)  I 


TEST  STAGE 

length:  s.ooo 

HEIGHT:  1.790 
ACTUATOR  EXTENSION:  9.000 


FY2  I  FRX  I  FRY  I  WHEAT  I 
(LBS)  i  (LIS)  I  (LBS)  I  (IN-LBS)  i 


1  V  I  9200.0  I  3244.1  I  1818.9  !  2793.7  I  -7018.9  !  -5987.8  I  -10811.3  I 

N  I  1296.1  I  -2077.5  I  -1818.9  I  -2752.7  I  922.4  I  4131.3  I  2942.8  I 

H  I  5200.0  t  3244.1  I  -1818.9  I  -2793.7  I  -3381.9  I  -490.3  i  12079.8  I 

2  V  I  5174.8  I  3182.8  I  1791.6  I  2777.7  I  -8996.4  I  -5960.5  I  -10858.4  I 

H  I  1351.2  I  -2198.8  I  -1781.6  t  -2777.7  i  430.4  I  4974.9  I  2496.0  I 

H  I  5174.8  1  3182.8  (  -1781.8  I  -2777.7  I  -3393.1  I  -405.1  I  11943.7  I 


BATE  :  03-AUB-fll 


POKES  ON  TEST  8TME  (GLOBAL  COQM1NATEB) 


iMiitmi' 

IWIWfWII 


-  8  IN*™« 


ACTUATOR  PIVOT  POSITION: 
ACTUATOR  II  (  9.00.  0.00) 
ACTUATOR  12  (12.00.  9.00) 
ACTUATOR  13  (18.00.  0.00) 


fEST  STAGE 

length:  6.000 

ICIOHT:  1.750 
ACTUATOR  EXTENSION: 


1 

FX1  I 

FY1  1 

FX2  1  FY2  1 

FRX 

1  FRY  1 

CASE/9 IR 

1 

(LBS)  I 

(LBS)  1 

(LIS)  1  (LBS)  1 

(LBS) 

1  (US)  1 

l  V 

1 

857.4  1 

8068.7  1 

-940.6  i  3163.1  ! 

63.2 

i  -9231.6  1 

H 

1 

2424.6  1 

-342.5  1 

940.B  1  -3163.1  1 

-3365.2 

1  3505.7  1 

H 

1 

857.4  1 

600.7  I 

940.8  1  -3163. 1  1 

-1796.0 

1  -2503. 6  1 

2  V 

1 

186.1  1 

6010.0  f 

-812.7  1  3150.3  1 

94.6 

1  -9160.3  1 

H 

1 

2551.4  1 

-377.0  1 

882.7  1  -3150.3  1 

-3334.0 

1  3527.3  1 

N 

1 

863.1  1 

8010.0  I 

'982.7  1  -3190.3  1 

-1670.7 

1  -2859.7  1 

5.000 


HOtENT  I 
(IN-LBS)  I 


-10011.3  I 
2942.1  i 
12075.8  I 
-19856.4  I 
24S6.0  I 
118(3.7  i 


